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The purpose of this directive is to transmit the Risk 
Assessment Guidance for Superfund {RAGS), Human Health Evaluation 
Manual, Part B: "Development of Risk-based Preliminary 
Remediation Goals" to be used in the remedial investigation and 
feasibility study (RI/FS) process. This guidance supplements the 
Human Health Evaluation Manual, Part A--Baseline Risk Assessment, 
and Part c--Risk EValuation of Remedial Alternatives. 

Backaround 

As a first step in the FS, section 300.430(e) of the 
National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP} calls for the development of remedial action objectives and 
preliminary remediation goals {PRGs). As part of the revision to 
the 1986 Superfund Public Health Evaluation Manual, a workgroup 
was formed to define the role of risk assessment in setting PRGs. 
The interim guidance distributed today incorporates numerous 
comments received over the last two years from Regional and 
Headquarters management on the role of risk and ARARs in the goal 
setting process. 



obiect.:.ye 

The process outlined in this guidance will aid RPMs, site 
engineers and risk assessors in developing PRGs that satisfy the 
"threshold criteria 11 of the NCP: protection of human health and 
the environment, and compliance with ARARs. These goals are 
typically formulated during the initial stages of the RI/FS to 
focus the development o! remedial alternatives on technologies 
that may achieve appropriate target levels, thereby limiting the 
number of alternatives analyzed and streamlining the process. As 
this guidance advocates the use of health-based ARARs as PRGs, it 
should be used in conjunction with the "CERCLA compliance with 
Other Laws Manual" and the "ARARs Q's and A's 11 fact sheet series. 

The Regional Risk Management Workgroup is addressing several 
issues regarding tha role of ARARs and cumulative site risk in 
the goal-setting process that are considered outside the scope of 
this risk as&essment guidance. Supplemental guidance will be 
developed as these risk management issues are successfully 
resolved. 

Implementation 

This document is being distributed as interim guidance 
pending review o! the RAGS seri£6 by the Science Advisory Board 
(SAB). It is our intention to begin updating and consolidating 
the series in FY 92. At that time, we will incorporate SAB's 
comments and the results of ongoing, EPA-sponsored research 
projects. We also strongly urge RPMs and Regional risk assesso~s 
to contact the Taxies Intearation Branch of the O!!ice of 
Emergency and Remedial Res?onse (FTS 260-9486) with any 
suggestions tor further improvement. 
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The policies set out in this document arc Intended solely as gu1dance: they are not final l' .S 
Environmental Protecuon Agency (EPA) actions. These policies are not intended. nor Gin they be relied 
upon. to create any nghts enforceable by any party 1n lnigation Y.ith the United States. EPA officials may 
decide to follow the guidance provided in this document. or to act at variance Y.ith the guidance. based on an 
analysis of specific site circumstances. The Agency also reserves the right to change this guidance at any ume 
without public notice. 

This guidance is based on policies in the Final Rule of the !':ational Oil and Hazardous Substances 
Pollution Contingency Plan (NCP). which was published on 1\.1arch 8. 1990 (55 Federal Regzsrer 8666). The 
1\"CP should be considered the authoritative source. 
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Term 

Applicable or Relevant and 
Appropriate Requirements 
(ARARs) 

Cancer Risk 

Conceptual Site Model 

Exposure Parameters 

Exposure Pathway 

Exposure Point 

Exposure Route 

Final Remediation Levels 

DEFI~ITIO~S 

Definition 

·Applicable" requirements are those clean-up standards. standard~ 
of controL and other substantive en\1ronmental prorecuon 
requirements. criteria. or limitations promulgated under federal or 
state law that specifically address a hazardous substance. pollutant. 
contaminant. remedial action. location. or other circumstance at a 
Comprehensive Environmental Response. Compensation. and 
Liability Act (CERCLA) site. "Relevant and appropnate" 
requirements are those clean-up standards which. while not 
"applicable" at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that 
their use is well-suited to the particular site ... ~RAR.s can be action
specific, location-specific. or chernical-spaific. 

Incremental probability of an individual's developing cancer over a 
lifetime as a result of exposure to a potential carcinogen 

A "model" of a site developed at scoping usmg readily available 
information. Used to identify all potential or suspected sour~ of 
contamination, types and concentrations of contaminants detected 
at the site, potentially contaminated media. and potential exposure 
pathways, including receptors. This model is also knov.-n as 
"conceptual evaluation model". 

Variables used in the calculation of intake (e.g .. exposure dural!or .. 
inhalation rate, average body weight). 

The course a chemical or physical agent takes from a source to ar, 
exposed organism. An exposure pathway describes a un1que 
mechanism by which an individual or population is exposed w 
chemicals or physical agents at or originating from a site. Each 
exposure pathway includes a source or release from a source. an 
exposure point, and an exposure route. lf the exposure p01nt differs 
from the source, a transportlexposure med1um (e.g .. a1r) or meDJJ 
(in cases of intermedia transfer) also would be indicated. 

A location of potential contact between an orgamsm and a chemtca! 
or physical agenL 

The way a chemical or physical agent comes in contact with an 
organism (i.e., by ingestion, inhalation, dermal contact). 

Chemical-specific clean-up levels that are documented 1n tht: 
Record of Decision (ROD). They may differ from prelimmar. 
remediation goals (PRGs) becluse of modifications resulting fro~ 
consideration of various uncertainties. te.::hnical and exposurt: 
factors. as well as all nine selection-of-remedy criteria outlined tn 
the National Oil and Hazardous Substances Polluuon Conun2enc, 
Plan (NCP). 
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Term 

Hazard Index (HI) 

Hazard Quotient (HQ) 

"Limiting" Chemical(s) 

Preliminary Remediation Goals 
(PRGs) 

Quantitation Limit (QL) 

Reference Dose (RID) 

Risk-based PRGs 

Slope Factor (SF) 

Target Risk 

DEFINITIONS (Continued) 

Definition 

The sum of rwo or more hazard quollents for multiple substances 
and/or multiple exposure pathways. 

The ratio of a single substance exposure level over a specified time 
period to a reference dose for that substance derived from a similar 
exposure period. 

Chemical(s) that are the last to be removed (or treated) from a 
medium by a given technology. In theory, the cumulative residual 
risk for a medium may approximately equal the risk associated \>.'ith 
the limiting chemical(s). 

Initial clean-up goals that (1) are protective of human health and 
the environment and (2) comply with ARARs. They are developed 
early in the process based on readily available information and are 
modified to reflect results of the baseline risk assessment. They 
also are used during analysis of remedial alternatives in the 
remedial investigation/feasibility study (Rl!FS). 

The lowest level at which a chemical can be accurately and 
reproducibly quantitated. Usually equal to the method detection 
limit multiplied by a factor of three to five. but varies for different 
chemicals and different samples. 

The Agency's preferred toxicity value for evaluating potential 
noncarcinogenic effects in humans resulting from contaminant 
exposures at CERCLA sites. (See RAGS/HHEM Part A for a 
discussion of different kinds of reference doses and reference 
concentrations.) 

Concentration levels set at scoping for individual chemicals that 
correspond to a specific cancer risk level of 10-<> or an HQ,'1-II of 1. 
They are generally selected when ARARs are not available. 

A plausible upper-bound estimate of the probability of a response 
per unit intake of a chemical over a lifetime. The slope factor is 
used to estimate an upper-bound probability of an individual's 
developing cancer as a result of a lifetime of exposure to a 
panicular level of a potential carcinogen. 

A value that is combined with exposure and toxicity information to 
calculate a risk-based concentration (e.g., PRG ). For carcinogenic 
effects. the target risk is a cancer risk of 10-<i. For noncarcinogenic 
effects, the target risk is a hazard quotient of 1. 
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.-\cronvm1 
Abbreviation 

ARARs 

CERCLA 

CFR 

C\VA 

EAG 

ECAO 

EF 

EPA 

FWQC 

HEAST 

HHEM 

HI 

HQ 

HRS 

IRIS 

LL\\' 

MCL 

MCLG 

NCP 

NPL 

OSWER 

OERR 

ACRO~'l:vtS/ABBREVIATIOl"S 

Definition 

Applicable or Relevant and Appropriate ReqUirements 

Clean .A..ir Act 

Comprehensive Environmental Response. Compensation. and Liahil!tv i\Ct 

Code of Federal Regulations 

Clean Water Act 

Exposure Assessment Group 

Environmental Criteria and Assessment Office 
Superfund Health Risk Technical Support Center 

Exposure Frequency 

U.S. Environmental Protection Agency 

Federal Water Quality Criteria 

Health Effects Assessment Summary Tables 

Human Health Evaluation Manual 

Hazard Index 

Hazard Quotient 

Hazard Ranking System 

Integrated Risk Information System 

Low-level Radioactive Waste 

Maximum Contaminant Level 

Maximum Contaminant Level Goal 

National Oil and Hazardous Substance.s Pollution Cont1ngeno. Plan 

National Priorities List 

Office of Solid Waste and Emergenc:-· Response 

Office of Emergenc:-· and Remedial Response 
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Aero n ~ms; 
AbbreVJation 

PA/SI 

PEF 

PRG 

R.A.GS 

RCRA 

RfC 

RID 

RUFS 

RME 

ROD 

RPM 

SARA 

SDWA 

SF 

TR 

VF 

WQS 

ACROl\11\1S/ABBREVIATIOr\S (Continued) 

Definition 

Preliminary Assessment/Site inspection 

Paniculate Emission Facwr 

Preliminary Remediation Goal 

Risk Assessment Guidance 1or Superfund 

Resource Conservation and Recovery Act 

Reference Concentration 

Reference Dose 

Remedial Investigation/Feasibility Study 

Reasonable Maximum Exposure 

Record of Decision 

Remedial Project Manager 

Superfund Amendments and Reauthorization Act 

Safe Drinking Water Acr 

Slope Factor 

Target Risk 

Volatilization Factor 

State Water Quality Standards 
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PREFACE 

Risk AssessmenT GuUiance jor Superju!Ui: l'olume 1 - Hunzar. Hcaiifi D·aiuauor. Afanuni 

(RAGS:HHEM) Pan B is one of a three-pan series. Pan A addresses the baselme mk assessment: Pan c 
addresses human heallh risk evaluations of remedtal alternatives. Pan B provides guidance on usinc C.S. 

Environmental Protection Agency (EPA) toxicity values and exposure information to derive risk~based 
preltminary rem~dial goals (PRGs) for a CDmprehensive Environmental Response. CDmpensation, and 

Liability Act (CERCLA.) site. Initially developed at the scoping phase using readily available information. risk

based PRGs generally are modified based on site-spedfic data gathered durmg the remedial 

investigation/feasibility study (RIJFS). This guidance does not discuss the risk management decisions that are 

necessary at a CERCLA site (e.g., selection oi final remediation goals). The potential users of Pan B are 

thos~ involved in the remedy selection and implementation process. including risk assessors. risk assessment 

reviewers, remedial project managers. and other decision-makers. 

This manual is being distributed as an interim document to allow for a period of field testing and 

review. RAGS;HHEM will be revised in the future, and Parts A B, and C '>viii be incorporated into a sin!!ie 

final guidance document. Additional information for specific subject areas is being developed for inclus 1~n 
in a later revision. These areas include: 

• development of goals for additional land uses and exposure pathways: 

• development of short-term goals; 
• additional worker health and ~fery issues; and 
• determination of final remediation goals (and attainment). 

CDmment.s addressing usefulness, changes, and additional areas where guidance is needed should be 

sent to: 

C.S. Environmental Protection Agency 
Toxics lntegrauon Branch (OS-230) 
Office of Emergency and Remedial Response 
401 M Street, SW 
Washington, DC 20460 

Telephone: 
FAX: 

202-260-9486 
202-260-6852 

-xii-



·CHAPTER 1 

INTRODUCTION 

The purpose of this guidance is to assist risk 
assessors. reme{!ial project managers (RPMs). and 
others involved wllh risk assessment and decision
making at Comprehensive Environmental 
Response, Compensation. and Liability Act 
(CERCLA) sites in developing preliminary 
remediation goals (PRGs). This guidance is the 
second parr (Pan B) in the series Risk Assessment 
Guidance for Superfund: Volume I - Human 
Health. E~·a!uarion Afanual (RAGS/HHEM). 

Pan A of this series (EPA 1989d) assists in 
defining and completing a site-specific baseline risk 
assessment; much of the infonnation in Part A is 
necessarv back2round for Part B. Pan B provides 
guidance on using U.S. Environmental Protection 
Agency (EPA) to:Cciry values and exposure 
infonnation to derive risk-based PRGs. Initially 
developed at the scoping phase using readily 
available information, risk-based PRGs generally 
are modified based on site-specific data gathered 
during the remedial investigation!feasibility study 
(RUFS). Part C of this series (EPA 199ld) assists 
RPMs. site engineers, risk assessors, and others in 
using risk information both to evaluate remedial 
alternatives during the FS and to evaluate the 
selected remedial alternative during and after its 
implementation. Exhibit 1-1 illustrates how the 
three parts of RAGS,'HHEM are all used during 
the RVFS and other stages of the site remediation 
process. 

The remamder of this introduction addresses 
the definition of PRGs. the scope of Pan B. the 
statutes, regulations. and guidance relevant to 
PRGs. steps in identifying and modifying PRGs, 
the communication and documentation of PRGs, 
and the organization of the remainder of this 
document. 

1.1 DEFINITION OF 
PRELIMINARY 
REMEDL\ TION GOALS 

In generaL PRGs provide remedial design staff 
-...ith long-term targets to use during analysis and 

-1-

selection of remedial alternatives. ld~ll}. such 
goals. if achieved. should both comply v.1th 
applicable or relevant and appropriate 
requ1remems (ARARs) and result in residual risks 
that iully satisfy the 1'\ational Oil and Hazardous 
Substances Pollution Contingency Plan (~CP 1 

requirements for the protection of human health 
and the environment. By developing PRG5 ~rlv 
in the decision-making process (before the Rl:FS 
and the baseline risk assessment are completed). 
design staff may be able tu streamline the 
consideration of remedial alternatives. 

Chemical-specific PRGs are concentrauon 
goals for individual chemicals for specific medium 
and land use combinations at CERCLA. sites. 
There are two general sources of chemical-specific 
PRGs: (1) concentrations hased on ARARs and 
(2) concentrations based on risk assessment. 
ARARs include concentration limits set bv othe:
environmental regulations /e.g., non-zero mmmum 
contaminant level goals [MCLGs] set under the 
Safe Drinking Water Act !SDWA]). The seconc 
source for PRGs, and the focus of this document. 
is risk assessment or risk-based calculations that 
set concentration limits usmg carcinogenic and;or 
noncarcinogenic toxicity values under specific 
exposure conditions. 

1.2 SCOPE OF PART B 

The recommended approach for develop1n~ 

remediation goals is to identify PRGs at scopmg. 
modify them as needed at the end of the Rl or 
during the FS based on sne-s~ific information 
from the baseline risk assessment. and ultimatelv 
select remediation levels in the Record of DecisiOn 
(ROD). In order to set chemical-specific PRG-5 in 
a site-specific context. however, assessors must 
answer fundamental questions about the site. 
Information on the chemicals that are present 
onsite. the specific contaminated media. land-usc 
assumptions. and the exposure assumptions behmc 
pathways of individual exposure is necessarv :r: 

orde~ to develop chemical-specific PRGs. Pan B 
provides gu1dance for considering thlS information 
in developing chemical-specific PRGs. 



EXHIBIT 1-1 

RELA TIONSIDP OF THE HU!\-1AN HEALTH EV ALl: A TIO~ 
TO THE CERCLA PROCESS 

CERCLA REMEDIAL PROCESS 

r--1 _j Remedial 

L:Ji '><-mn.. Uj lnYe50ga.coo 

Scoping I . ,----Feasi-. bill-. -. ty____;'-f--

1 S!lldy 

I Remedy Sclectioo 

1 

and Record of 

i Decision 

I 

HUMAN HEAL TII EVALUATION MANUAL 

PART A 
Baseline Risk Asscssment 

PARTB 
Deve!~ of Risk-based 

Preliminary Rc:mc:diatioo Goals 

PARTC 
Risk ha!u.a.tion of Rc::medial AltcmariYcs 



Because Part B focuses on develop!n(C 
chemical-sneciflc PRG~ hased on protecuon oi 
human health. there are 1mporram rypes of 
mformal!on that are not considered and that mJv 
significantly in!luence the concentrauon goals 
needed to satisfy the CERCLA critena for 
selection of a remedy. For example. no 
consideration is Qiven to ecolo~ic.al effects in this 
ruidance. Other types of remedial action "goals" 
not addressed in detail include action-specific 
ARARs (e.g .• technology- or performance-based 
standards) and location-specific ARARs. 

Throughout Parr B. the term "chemical
specific" should be understood to refer to both 
nonradioactive and radioactive chemical hazardous 
substances, pollutants, or contaminants. Therefore. 
the process described in this guidance of selecting 
and modifying PRGs at a site should be applied to 
each radionuclide of potential concern. 
Chapter 10 of RAGStHHEM Pan A provides 
background information concerning radionuclides. 
and Chapter 4 of RAGS/I-IHEM Part B includes 
radionuclide risk-based ~uations and a case study 
of a hypothetical radiation site. 

This guidance onlv addresses in detail the 
initial selection of risk-based PRGs. Detailed 
euidance reeardinr other factors that can be used 
to further modifv PRG-s during the remedv 
selection process is presented in orher documents 
(see Section 1.3). 

1.3 RELEV A~l}' STATUTES, 
REGULATIONS, Al'-.1) 
GUID~CE 

This section provides relevant background on 
the CERCLA statute and the regulations cre<!ted 
to implement the statute (i.e., the NCP). in 
addition, other CERCLA guidance documents are 
listed and their relationship to the site remediation 
process is discussed. 

1.3.1 CERClAJSARA 

CERCLA. as amended by the Superfund 
Amendments and Reauthorization Act of 1986 
(SARA). is the authorit)' for EPA to take response 
actions. (Throughout this guidance, reference to 
CERCLA should be understood to mt:4n 
"CERCLA as amended by SARA") 

-3-

Several sections of CERCLA esneCiall\ 
~ection 121 (Cie<!n-up Standards). set out the 
requirements and goals oi CERCLA Two 
fundamental requirements arc that seiectcd 
remedies be pr01ecuve of human he.:Jlth and the 
environment. and comply with .A.RARs. CERCL.-\ 
1ndicates a strong preference for the selection of 
remedial alternauves that permanently and 
signifiwntly reduce the volume. toxicity. <'T 

mobility of wastes. lo the maximum extent 
practicable. the selected remedial alternatives 
should eifect permanent solutions b: usmg 
treatment technologies. Both the law and the 
regulation (see below) call for cost-effe.::tJve 

remedial alternatives. 

1.3.2 :-;ATIO;o-..;AL co:-;TI!"GE~CY PL.\..'\ 

Regulations implementm£ CERCLA.are iound 
in Volume 40 of the Code of Federal Regu!atJons 
(CFR), Pan 300. and are referred to collectively a~ 
the NCP. Section 300.430 of the NCP. and several 
portions of the pre<!mhles in the Federal Regmer 
(55 Federal Register 8666. March 8, 1990 and 53 
Federal Register 51394. December 21. 1988). 
address how the Superfund and other CERCLC.. 
programs are to implement the Act's requirements 
and goals concerning cle<!n-up levels. 

~ine criteria have been developed in the ~CP 
to use in selecting a remedy. These criteria are 
listed in the next box. The first criterion- overall 
protection of human health and the emironment 
- is the focus of this document. This crnerion 
coupled ~ith compliance with AR.ARs are referred 
to as "threshold criteria" and must be met bv the 
selected remed1al al!ernative. PRGs are developed 
to quantify the standards that remedial alternauve.' 
must meet in order to achieve these thresholc 
criteria. See the second box on the next page fo~ 
highlights from the ;-,;cp on remed1at1on goals. 

1.3.3 GUIDANCE DOClJME!\'TS 

There are several existing documents that 
provide gudiance on relate(J steps of the slle 
remediation process. The..-;c documents arc 
described in the box on page five. When 
documents are referenced throughout th1s 
guidance, the abbreviated titles, indicated 1:1 
parentheses af1er the full t1tles and bibliograph1c 

information. are used. 



-.;INE EVALUATIOI" CRITERIA FOR 
A.'\ALYSIS Of REMEDIAL ALTERI"ATIYES 

(-iO CFR 300.430(e)(9)(1i1)) 

Threshold Crit~ria: 
• Q\·eral: Protection of Human Health and the 

EnVJronment 
• ComiJllance wtth ARARs 

Balancing Crit~ria: 
• Long-term Effectivenes.s and Permanence 
• Reductton of ToXIcity, Mobility, or Volume 

Through Treatment 
• Short-term Effectrveness 
• lmplementabillty 
• Cost 

Modifying Crit~ria: 
• State Acceptance 
• Community Acceptance 

1.4 I!'.TIIAL DEVELOPt\.1ENT OF 
PRELIMINARY 
REMEDIATION GOALS 

The NCP preamble indicates that, typically, 
PRGs are developed at scoping or concurrent with 
initial RIJFS activities (i.e., prior to completion of 
the baseline risk assessment). This early 
determination of PRGs facilitates development of 
a range of appropriate remedial alternatives and 
can focus selection on the most effective remedy. 

Development of PRGs early in the RL'FS 
requires the follo"Wing site-specific data: 

• media of potential concern: 
• chemicals of potential concern; and 
• probable future land use. 

This information may be found in the preliminary 
assessment/site inspection (P AJSI) reports or in the 
conceptual site model that is developed prior to or 
during scoping. (When a site is listed on the 
National Priorities List [NPL], much of this 
information is compiled during the P AJSI as pan 
of the Hazard Ranking System [HRS] 
documentation record.) Once these factors are 
known, all potential ARAR.s must be identified. 
When ARAR.s do not exist, risk-based PRGs are 
calculated using EPA health criteria (i.e., reference 
doses or cancer slope factors) and default or site
specific exposure assumptions. 
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NCP RLILE HIGHLIGHTS 
RISK AND REMEDIATIO~ GOALS 

(40 CFR 300.430le)(2)) 

"In developmg and. as appropnate. screenmg 
... alternatives, the lead agency shall: (1) Es:abllsh 
remedtal action obJeCtives spec1fving coma:7lmants 
and medta of concern. potential exposure 
pathv.'ays, and remedtatlon goals. Imua11y. 
preliminary remedlatton goals are developed based 
on read1ly available mformauon. such as chem1e<~l· 
speetfic ARARs m other reltable mformat1on. 
Prehmmary rem<!Diauon goals should be modified. 
as neces5ary, as more mformauon becomes 
available dunng lhe RIJFS. Final remediation 
goals will be determined when the re:nedv IS 

selected. Rernediauoo goals shall establiSh 
acceptable exposure levels that are protective of 
human health and tbe enVJronmenr and shall be 
developed by considenng the followmg: 

(A) Applicable or rele-.'ant and -:;:;propnate 
requirements ... , and the followmg factors: 

( 1) For systemic tOXIcant!>, acceptable 
exposure levels sr,all represent 
concentrntion levels 10 wh1ch the hurr.2:1 
populauoo, including sensnive subgroups. 
may be exposed v.ithout adverse effect 
during a lifetime or part of a ltfetime. 
incorpornting an adequate margm of 
safety; 

(2) For known or suspected carcmogens, 
acx:eptable exposure levels are generally 
concemrauon levels that represent ar. 
excess upper-bound lifeume cance~ nsk 

tc an individual of between 10'"' and 10"" 
u!.lng information on the relauonsh1p 
between dose and response. The 10~ 

nsk level shall be used as the potnt of 
depanure for determimng remediation 
goals for altematrves when A.RAR.5 are 
not available or are not sufficient!:> 
protective because of multtple 
contaminants at a sne or multiple 
path-ways of exposure .. ." 

It is important to remember that risk-based 
PRGs (either at scoping or later on) are initial 
guidelines. Thev do not establish that cleanuo to 

meet these goals is warranted. A risk-based 
concentration, as calculated in this guidance, will 
be considered a final remediation level only after 
appropriate analysis in the RI/FS and ROD. 



:GL'IDA.'\'CE DOCC!\1£1\'TS 

Risk Assessment Guidance for Superfunc ~ 'oiume I -Human Health E1·aiuanon Afanuai Pan A (EPA 19t'~~; 
(RAGS/HHEM Part A) contams ba::kg~ound miormauon and ts paruculart\' relevant for developmg ex?0Sure anc 
!OXJC!ty as.sessments that are requ1red when reiinmg chemlcal-speclfit nsk-ba!>ed concemrauons. and accounu;:~ 
for sne-speClfic factors such as muluple expJSure p<Hnw;ws. ~ 

Guidana for Conducting Remediallnvesrigauon~ and Fea.sihihry Studies Under CERCL4. (EPA 19SS.:) ( R l TS 
Guidance) present.s detailed mformauor. about implemcnung the Rl/FS and general mformauon or. the use o: 
nsk-based factors and ARARs m the comexr oi the RI/FS. 

Guidance on Remedial Action for Conranunmec Gro11nd H'ruer ar SuperfimJ Sires rEP A 198Sd) (Ground-ware~ 

Guidance) detaiLs some of the key LS.Sues m development. evaluauon. and seleC!lon of ground-\1:are~ remed:a: 
acuons at CERCL-\ Sites. 

CERCL4. Complimu:e ..,.iJh. Other La.,-s Manunls (Pan I. EPA !98&: and Pan II. EPA 1989a) {CERCL-\ 
Compliance Manuals) prOVIde gu1dance for compt)1ng \lith ARARs. Pan I addresses the Resource Conservauoo 
and Recovery Act (RCRA), the Clean Water Act (CWA), and the SDWA Pan II addresses the Clean A.Jr Act 
(CAA), other federal statutes. and state requirements. 

Mel hods for Evaluming the AnaiJvr.eru of Cleanup Swndards (Volume 1 Soils a.m.' Solid l+iz.JH J (EPA J 9S9e) 
and Methods for E~·aluaring the Attainment of Cir:anup Scwuia.rds (Vofwne 2. Wam; (Draft, 19SS, EPA.. 
Statistical Policy Branch) (Attainment Guidance) prOVIde guidance on evaluating the attainment o: remediation 
leveLs, including appropriate sampling and statiStical procedures to test whether the chem1cal concentrations are 
significantly below the remediation levels. 

Jnurim Final Guidnnu on Preparing Superfwui Decision Documents (EPA !989b) (ROD Guidance1 FrCJ>1des 
guidance that: (1) pre:r.eots standard fonna!.S for documenting CERCL-\ remedial acuon de:t.sions: (2) clarifies 
the roles and responsibilities of EPA, states, and other federal agenc1es in developmg and LSSumg deru1or. 
documents; and (3) explalil.S how to address changes made to propose{l and !>elected remed1es. 

Ca1alog of Superfwui Program Pubficari.ons, Chapter 5 (EPA !990a) lists ali ARAR5 gu1cance documents t~at 
have been issued by EPA, shown in order of date of LSSuance. 

Roll! of the Baselw Risk Assess nun: in Superfund Remedy Seli!ction Decisions (EPA 199\c) prO'Vldes clanfic::Juon 
on the role of the baselme nsk assessment m developing and selecung CERCL-\ remed1al alternatrvc:s. 

G11idancl! for Daia Ust!abiliry in Risk AssessmenJ (EPA 1990b) (Data Use.abiliry Guidance) pr0\1des gu1dance or. 
how 10 obram a minimum level of qualzry for all em1ronmenwl anaMzc:ll da:a requ1rw for CERCL'I. mk 
assessments. It can assiSt \\1tb determmmg sample quanutauon l1ml!.S (SOLs: fo~ chemic.al-speClfic anar.--ses. 

Guidance on Renudilll Actions for Superjwul Si.Jes wi.Jh PCB Comami.ruuwn (EPA 1990c) de.s.:nrx:..s 
recommended approach for evaluatmg and remed1aung CERCL-\ sHes ha\1nt PCB comammauor.. 

Conducting Remedilll /nvesrigruions!Fea.sWiliry Snid.ies for CERC!A MU!Iicipal LA.r.d_fil! Siles (EPA 1991 a) 
(Municipal Landfill Guidance) offers guidance on how to streamline both the Rl/F:; and the selecuon of a remect;. 
for municipal landfills. 

1.5 MODIFICATION OF 
PRELIMINARY 
REMEDIATION GOALS 

The initial list of PRGs may need to be reviseD 
as new dara become available during the RVFS. 
Therefore, upon completion of the baseline risk 
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assessment, it is important to review the media and 
chemicals of potential concern, future land usc. 
and exposure assumptions originally identified ar 
scoping. Chemicals may be added or droppeD from 
the list, and risk-baseD PRGs may need to k 

recalculateD using sire-specific exposure factors. 
PRGs that are modified based on the results of the 
baseline risk assessment must still meet the 



"threshold criteria" of: (1) protection of human 
health and the environment and (2) co,mpitance 
with .~AR.s. However. the NCP also aliO'-'"S for 
modification oi PRGs during final remedv 
selectron based on the "balancing" and "modifying" 
criteria and factors relating to uncenamty, 
exposure. and technical feasibility. 

Final remediation levels are not determined 
until the site remedy is ready to be selected; final 
remediauon levels are then set out in the ROD. 
PRGs are refined into final remediation goals 
throughout the process leading up to remedy 
selection. The ROD itself. however, should 
include a statement of final clean-up levels based 
on these goals, as noted in NCP section 
300.430(e)(2)(i)(A). ln the ROD, it i.5 preferable 
to use the term "remediation level" rather than 
"remeDiation ~oal" in order to make clear that the 
selected remedy establishes binding requirements. 

1.6 DOCUMENTATION M'D 
COMMUNICATION OF 
PRELIMINARY 
REMEDIATION GOALS 

Clear and concise communication of risk-based 
PRGs among the risk assessor, the RPM, the 
ARARs coordinator. site engineers, analytical 
chemists, hydrogeologists. and others is important 
in the development of PRGs. The involvement of 
the RPM in the direction and development of 
risk-based PRGs is imponant to ensure that 
communication is facilitated and that the PRGs 
are used effectively in streamlining the RIJFS 
process. 

Because PRGs are most useful during the 
RL'FS (e.g., for streamlining the consideration of 
remedial alternatives), it i.5 imponant to 
communicate them to site engineers as soon as 
possible. A memorandum from either the site risk 
assessor or the RPM to the site engineers and 
others concerned with PRGs would be appropriate 
for transmitting the initial PRGs. A brief cover 
page could highlight key assumptions, as well as 
changes, if any, to the standard equations (i.e., 
those presented in this guidance). Following this 
brief discussion. the PRGs could be presented 
using a table similar to that in Section 3.4 of this 
guidance. 

The RIJFS Guidance recommends that 
"chemical- and/or risk-based remedial objectives 

-6-

associated with the alternauve should t>e 
documented m the ftnal RI:'FS report to the extent 
possible." Thereiore. the RI FS report 1~ a logical 
place to present PRGs that have been modtfied 
aher the baseline risk assessment. A summarY 
table such as the one developed in Sttuon .?>.4 of 
Part B could be incorporated into the Rl:FS 
following the presentation of the baseline nsk 
assessment. Along with the table. a discussiOn o: 
issues of particular interest. such as assumptions 
used and the relationship between AR.t>..Rs and 
risk-based PRGs a: the site. could be included. 
Also. it is alway-s appropriate to discuss how 
findings of the baseline risk assessmen: were 
incorporated into the calculation of PRGs. 

1.7 ORGA..~IZ.\TION OF 
DOCUf\.1EI"'T 

The remainder of this guidance is organize{] 
into three additional chapters and rwo appendices. 
Chapter 2 discusses the initial identification of 
PRGs and provides guidance for modifymg 
appropriate values during the RL'FS. Chapter 3 
outlines equations that can be used to calculate 
risk-based PRGs for residential and commercial.: 
industrial land uses. These equations are 
presented in both "reduce{]" format (i.e .. 
incorporating certain default assumptions discussed 
in Chapter 2) and expanded format (i.e., with all 
variables included so that the user of this guidance 
can incorporate site-specific values). Particular 
considerations regarding radionuclides are pro\ided 
in Chapter 4. 

Appendix A supports several points made tn 

Chapter 2 by providing illustrations of remedtal 
alternatives where one or more chemicals "ltmn" 
remediation and. thus. represent a maJOr poruon 
of the residual risk. Appendix B lists ezjuations for 
media-specific exposure pathways. enabling the mk 
assessor to derive site-specific equauons that differ 
from those presented in Chapter 3. 

Throughout Chapters 2, 3, and 4. case studtes 
are presented that illustrate the process of 
determining PRGs. These case studies are 
contained in boxes v.ith a shadow box appearance. 
Other types of boxed information (e.g., !"CP 
quotes) is contained in boxes such as those in 
Chapter 1. which have thicker lines on the top and 
bottom than on the sides. 



CHAPTER2 

IDENTIFICATION OF PRELIMINARY 
REMEDIATION GOALS 

This chapter provides guidance on the mitial 
identification of PRGs during the scoping phase of 
the RIJFS. As discussed in Chapter 1. 
medium-specific PRGs (ARAR-based and/or 
risk-based) should be identified during scoping for 
all chemicals of potential concern usin!! readilv 
available information. Sections are provided in 
this chapter on how to use this information to 
identify media and chemicals of potential concern. 
the most appropriate future land use, potential 
exposure pathways, toxicity information, potential 
ARARs, and risk-based PRGs. Finally, a section 
is provided on the modification of PRGs. 

When usin!! PRGs developed durin!! scooin!!, 
the design en!!ineers should understand that these 
mav be modified sil!nificantlv denendinl! on 
information gathered about the site. The 
subsequent process of identifying kev site 
contaminants, media, and other factors (i.e., during 
the baseline risk assessment) may require that the 
focus of the RIJFS be shifted (e.g .. chemicals 
without AR.AR5 may become more or less 
imponant). Thus. the design oi remedial 
alternatives should remain flexible until the 
modified (i.e .. more final) PRGs are available. 

Prior lO identifying PRGs during scoping. a 
conceptual site model should be developed (see 
the next box). Originally developed to aid in 
planning site acti.,ities (e.g., the RIJFS). the 
conceptual site model also contains information 
that is valuable for identifying PRGs. For 
example, it can be relied upon to identify which 
media and chemicals need PRGs. More 
information on developing and using a conceptual 
site model during the RIJFS process can be found 
in Chapter 2 of the RllFS Guidance and Chapter 4 
of RAGS/HHEM Pan A 

To illustrate the process of calculating 
risk-based PRGs at the scoping stage of 
remediation, hypothetical CERCLA sites will be 
examined in boxes in appropriate sections 
throughout Chapters 2, 3, and 4. See the box on 
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COI'CEPTL1AL SITE MODEL 

Dunng pro_1ect plannmg. the RPM g::::he~s ar:d 
analyzes available iniormauor: and devel::>ps t.~c 

conceptual sne model (also called the conce~tual 
evaluauon model). ThLS model IS u~ tc asses-s 
the nature and the eXlem of contammalion. li al.<>o 
tdentLftes pmenual contammant sources. \X)tent:a! 
exposure pathv.a)"S, and pmenual human anc.·or 
en\1ronmenral receptors. Further. th!S mooel helps 
to identify d:::ra gaps and asstst5 staff in develop:ng 
stratepes for data collection. S:te htstor;.· anc 
P AJSI data general~· are eXlremely useful sources 
of information for developmg thLS r.1odel. The 
conceptual sne model should mclude lcnov•r. and 
suspected sources of conrammatlon. types of 
contammants and aff~ted medl3, knov.n and 
potenual routes of mtgrauon, and knovm or 
poteotl31 human and eovtronmencal receptOrs. 

the next page for an introduction to the first we. 
(The radiation CJ..Se study is addresseD tn 

Chapter 4.) The information (e.e .. toxicitv values! 
contained in these case studtes is for illustrauon 
onlv and should not be used fnr anv other 
purpose. Tnese case studies have been simplified 
(e.g., only ground water "'1!1 be examined l so th3: 
the steps involved in developing risk-based PRGc 
can be readily discerned. 

2.1 MEDIA OF CO~CER.l'\ 

During scoping. the first step in developin~ 
PRGs is to identify the media of potential concern. 
The conceptual site mOdel should be very useful 
for this step. These media can be either: 

• currently contaminated media to "'hlc:-: 
individuals may be exposed or through whtch 
chemicals may be transported to potential 
receptors: or 



CASE STl'DY: l:'\'TRODL CTIO\, 

T:-:e X':·z Cc sn~ c:J:-::21r.~ a;: 3~3~c2:--:ed 

;:Jaust~tal facu1t\ rna: 15 Jd)acen~ rc ;: hJgn
Oe:lSJt'\ res10enua< ne1p10orhood. Re~:::.a:1ts of 
c~ui.1~. i~f:0005. 3:1::: waste pJJeo. were r.~..:nd a: 
1:-:~ s::e. Gr,;~nc wa:er m the are2 oi tne sne IS 

:..:s-:c r, res:aen1s a~ c aomesuc \'.-:3ler S:.Jp:J!y. 
T:-:erc ~' alsz: a sm:JIIIiike d:>w:-Jg~3dl::-~: frcr;: tr:e 
s.te rr.a: IS usee by ~m:: c: the I0C.3. res1C::':1:s 
!.J~ f1sh!ng anC 5\\'tmmtng. 

• currently uncomaminate.C mecia th2: m2:· 
t>ecome contaminated in tnc future cue to 

contaminant transport. 

Seve:-al important media often requiring direct 
remediation art rround water, su~fac.e water. soil. 
anc sediment. C:.:rrcntly. only the first three of 
these media ar:.: .:is~ussed in this chapter and 
addressed b:· the equa:!Ons pr0\1ded in Chapter.: 3 
and 4_ If other media that may reguire the 
develooment of risk-based concentrations (e.g., 

sedim;nts) are identifie~ at scoping. appropriate 
equations for those media should be developed. 
Rer:onal risk assesso~ should be consulte.C as 
earJ·; as pssible to assist witr: thi.s process. 

CASE STUDY: IDE~'TIFY !'>1EDLA 
Of CONCERN 

The PA'Sl for the eX2mote S!le md1:::;:;tes tba: 
grounc v•ater bene.:~tr. tne Site LS co::ta::nmatec. 
-:De ~ura: of thrs con:amlr1allo:: c;J;x:ars tc 
have Deeo apprOXJmatety lOG le.:~klng drurrr of 
varJOU> c!'Je:mcals tha: were bunec m the soi: but 
nave smce bee:: removed. :....agcx:ms ar1d was:e 
p1:e.s al>o may have contno:.:tec tc the 
c::mt.ammauor:. Thus. ,g.round wa:e~ and SOli are 
r.~:.:o~a of co!1:err:. 

. .C..Ithoul!t: ev1dence o: Jake water 
con:amJ:-Ia;Jor: v.-a.< no: iound durmg t:Je P A 'Sl. 
there IS <i reG.s.Or.<:::Ji~ pos.sibilll')' that it may 
become comammated n: :ne future due to 
cont.amman: transport enhe~ \13 ground-water 
CLSo..--harge or surface \loater run-of:. T:lU::, 
sur.ace v.ater (:he lake 1 anc sedtmenl'. a:s..~ may 
be meeta o: C0:1ce~n. 
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..., ..., 
CHE\1ICALS Of CO"CER'\ 

~is ster Invoh·e~ de\'eic"'~11:nc ~~. ::-:lua: l1~t ~-.: 

::hemt~l~ for wh1c:-: PRG~ ne:.:C: w t>c develo!lc..: 
Chanter.; 4 and: of RAGS·'H:HE'~ 0 a~; .A. Dr0\'Jde 
irnnonant additional mformattor. on idenlli\'::1~ 

cnemicals of pmenual concer. !(J~ 2 ~ite ar,d 
~hnu!d he cnn~ultt,- T'~tr'r !C' cie\'elor~enr o!- the 

c.,,n~·e:-:tu<J' \::e m:>.:.:c. 2:-:d PRG~ <lt ~c-·'r1:nc. 

Initially. the iist of chem1cals of potcr.:tJ: 
concern should mel ude any chemtca I re.2sona r· i\ 
expected to be of concerr, at the site bas~ on wr.a! 
is known during scoping Fu~ cxampie. ::::nonar.: 
chemical5 pre\iously detectee at the Site. :)3sec or: 
the PA'Si. the conceptual stte modeL o; othe~ 

prior invesugations. generallv should be mciude.c 
lr, addition, the li.st may incluJe: chcr.::.::.::.!~ that tr.c 
site hi.stOl!' indicates are likely to be presen: ::-: 
signific.ant quantities. even though the:- rr.ay nor:- ~·1 

he det~ted. Sou;ces of tr.i.s latter type o: 
information include records of chem1cais used nr 

disposed at the facility, and inter.iew'5 w1th curre:-~t 
or former emplo:·ees. Tne lis: also r.:ay mclude 
chemicals that are probable degradation product:, 
of site contaminants where these are determtned to 

be potential contributors of s:gnifican: risk. J...n 

environmental chemist shoulc be consultc.G !;); 

assistance in determinir:g the probabit degrajatior, 
products of potential site-related chemicals an.:: 
their persistence under site conditions. General!\. 
the chemicals for whtch PRGs should be develope;: 
wiJ: correspond to the li.st of suspected s:te 
contaminants included ir. the sampling and anai\'SJ<: 
plan. 

2.3 FCTCRE L.\:"\D CSE 

This step in\·~Jves iden:::\ln~ the rn,:~: 

appropriate future ianc use for the Site s:J tti:.:: t:-:t 

appropriate e:\:p8sure pathwa:-'S. parame::.;~. anc 
~u.attolli tdi.scussee in the next secuon: car. be 

used to cal :elate ri.sk-basee PRGs. RAGS/"t-1:-iE\~ 

Pan A ( Chapte; 6) and ar, E? A Office of Soi1C 
Waste and Emergency Res:->;mse (OS\\ 'ER. 
cirective on the role of t~.e baseline r''f 
assessment in remedy sei~t:Cl:-: deciswns (E?/· 
l99lb) pro\ide addition:!: gui~:;,nce or. tdentify1r.; 
f~ture land use. ;De s:andJ~c. de:·aul: ecuauur.. 
pro\idee ir. Chayter 3 a:· ?c.r: [:. ··''· :- aGdrQ 
residential a:-~d commercial/industn;,: i.:nd uses. 
lane uses other than these are to be assume.,j l e.~ 
reoeational). then exposure pathwa:-, .. parameters 



CASE STUDY: IDEI\TIFY CHEMICALS 
Of CO~CERl\ 

The PA.;SI for tnc XYZ Co. stte tdentifted the 
fo1JCM1ng seven chemt:.als m ground-v•ater 
samples: benzene. ethylbenzene. hexane. 
isophorone. tnallate. 1. 1.2-trichloroethane, and 
"lnv! chlonde. Therefore. these chemi:.als are 
obvtous chotces tor cnemJcal.s of potenual 

concern. 

AHhough not detected m any of the P A 'SI 
S<lmpJes. sue hiStory mdtcates that one otber 
salven;- carbon tetrachloride- also was used m 
Slgmficant quanuues by the facilll)' that operated 
ar the sne. This chemJcal. therefore. is added 10 

rhe l1SI of chemtcals of potenual concern. 

and eguations v.111 need to be developed for the 
others a.s well. 

In general, residential areas should be assumed 
to remain residential. Sites that are surrounded bv 
operating industrial facilities can be assumed t; 
remain industrial areas unless there is an 
indication that this is not appropriate. Lacking 
site-specific information (e.g., at seeping), it may 
be appropriate 10 assume residential land use. 
This assumption v.111 generally lead to conservative 
(i.e .• lower concentration) risk-based PRGs. If not 
enough site-specific information is readily available 
at seeping to select one future land use over 
another, it may be appropriate to develop a 
separate set of risk-based PRGs for each possible 
land use. 

When waste will be managed onsite, land-use 
assumptions and risk-based PRG development 
become more complicated because the assumptions 
for the site itself may be different from the land 
use in the surrounding area. For example. if waste 
is managed onsite in a residential area. the 
risk-based PRGs for the ground \\-ater beneath the 
site (or at the edge of the waste management unit) 
may be based on residential exposures, but the 
risk-based PRGs for the site soils may be based on 
an industrial land use v.1th some management or 
institutional controls. 

If a land-use assumption is used that is Jess 
conservative (i.e., le.1ds to higher risk-based 
concentrations) than another, it generally v.111 be 
necessary to monitor the future uses of that site. 
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For example. if residential land use 1s not decme~ 
to be appropnate for a parucular site toec.au~c lou! 
zomng laws prohibit TC...'>!dcntJ3l developmer.:. ar.-. 
changes in local zoning would need tc be 
monnoree. Such considerations should be clc.arl\ 
documemed in the site's ROD. 

CASE STUDY: IDEI\TIFY FLTL:RE 
LA.,r·m liSE 

Based on established land-use trends. loc..11 
renovauon proJeCts, aod populauon gro-...1t-, 
proJeCtions m the area of the XYZ Co. Sl!e. 1 he 
most reasonable fu1ure use of the la:-~d JS 

deterrmned to be residenual use. Thus. sl!e
s~Jiic mformation is suffiCJent to shCM' tt:3: the 
generally more cor)!;ervatrve as.sumpt1or. of 
res1denua1 land use should serve as the basLS for 
development of risk-based PRGs. 

2.4 APPLICABLE OR RELEVA:'\T 
MTI APPROPRIATE 
REQUIREMEl\!S 

Chemical-specific AR/\Rs are evaluated 3 ~ 

PRGs because they are often readily available anc 
provide a preliminary· indication about the g,1ai~ 

that a remedial action may have to attain ~Tnis 
step involves identif)1ng all re.1dilv available 
chemical-specific potential AR.~ for the 
chemicals of potential concern (for each med1um 
and probable land use). Because at scopm~ 1r 

often is uncenain which potential ARAR 1s the 
most likely one to become the ARAR-based PK.G. 
all potential ARARs should be mcludee 1:1 :, 

tabular summary (i.e., no potential .>\RAR shc'u:...; 
be discarded). 1: there is doubt about whethe; ~ 

value is a potential ARAR, and therefore whelhc 
it could be used as a PRG, it should be include~ 3 , 

this stage. 

This section summarize.s the concept ,,: 
1\RAR.s and identifies the major types of ARARs. 
but provides only limited guidance on iden!lfvm!' 
the most appropriate (likely) ARAR of all pos~ibl~ 
1\RAR.s ro use as the chemical-specific PRC 
More detailed information about the idenuf1cat 1 ~,r. 
and evaluation of ARAR.s is available from t'"'. 
important sources: 

• the NCP (see spe<:ifically 55 Federal Rc~"'srcc 

8741-8766 for a description of ARAR~: ;n;o 



S/12-S/15 for usmg ARARs as PRGs: see also 
53 Federal Regzsrer 51394): and 

• CERCLA Compliance Manuals =:PA I988a 
and I989a). 

::.4.1 CHEMICAL-. LOCATIOI'-. A.'\D 
ACTIOJ'Ii-SPECIFIC ARARs 

The Agency has identified three general types 
of federal and state AR.ARs: 

• chemicaJ-~ne{:ific. are usually health- or risk 
managemenr-based numbers or methodologtes 
that. when applied to site-specific conditions. 
result in the establishment of numerical values 
(e.g., chemical-spe{:ific concentrations in a 
given medium); 

• location-specific. are restrictions placed upon 
the concentration of hazardous substances or 
the conduct of activities solely because they 
are in spe{:ial locations (e.g., wetlands); and 

• action-specific, are usually technology- or 
activity-based requirements or limitations on 
actions taken with respect to hazardous wastes. 

This guidance primarily addresses onlv chemical
specific ARARs since it focuses on the 
identification of chemical-specific concentrations 
that represent target goals (e.g., PRGs) for a given 
medium. 

2-4.2 SELECilON OF THE MOST LIKELY 
ARAR-BASED PRG FOR EACH 
CHEMICAL 

This section briefly describes which, if any, of 
several potential AR.-'\R values for a given 
chemical is generally selected as the most likely 
ARAR-based PRG (and therefore the most likely 
PRG at this point). Although the process for 
identifying the most likely ARA.R-based PRG is 
specific to the medium, in general the process 
depends on two considerations: (1) the 
applicability of the ARAR to the site: and ('2) the 
comparative stringency of the standards being 
evaluated. The previouslv cited documents should 
be carefullv considered for specific 
recommendations on identifvim:! ARARs. 

Ground Water. SDWA maximum contaminant 
levels (MCL.s), non-zero MCLGs. state drinking 
water standards, and federal water quality criteria 
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( FWQC) are common .A.RARs 1 and. thereiore. 
potential PRGs) for ground wate:-. Other types o! 
laws_ such as state anu-degradation la""'S. may he 

PRGs if they are accompanted hy allowable 
concentrations of a chemtcal. (.AJthough state 
anti-degradation laws that are expressed as 
qualitative standards may also be potenual 
ARAR.s, they generally would not be considered 
PRGs.) 

As detailed in the NCP (see next bOXJ. the first 
step in identifying ground-water PRGs is to 
determine whether the ground water is a current 
or potential source of drinking water. If the 
aquifer is a potential source of drinking water. 
then potential .t\RARs generally will include the 
federal non-zero MCLG, MCL. or state drinking 
water standard, and the most stringent (i.e., the 
lowest concentration) is identified as the most 
likely ARAR-based PRG. 

NCP ON GROUND-WATER GOALS 
(NCP Preamble: 

55 Federal Regisu:r 8717, Maret: 8. !99<rt 

"Ground water that is not currently a dnnlun£ 
water source but is potenuallv a dnniUng water 
source in the future would be prot~ted to levels 
appropriate to its use as a drink.m£ ~<Her .source. 
Ground water that is not an actual or potentl31 
source of drinlcing water may nor requ1re 
remediation to a 10"" to 10~ level (except when 
neces.sary to address envtronmental concerru o~ 
allow for other beneficial uses; _ .. )." 

If the aquifer is not a potential source of 
drinking water, then MCLs, MCLGs, state drinkmg 
water requirements, or other health-based levels 
generally are not appropriate as PRGs. Instead. 
environmental considerations (i.e., eff~'lS on 
biological receptors) and prevention of plume 
expansion generally determine clean-up levels. If 
an aquifer that is not a potential source of 
drinking water is connected to an aquifer that is a 
drinking water source, it may be appropriate w use 
PRGs to set clean-up goals for the point of 
interconnection. 

For chemicals v.ithout MCL.s. state standards. 
or non-zero MCLGs, the FWQC mav be 
potentially relevant and appropriate for grounc 
water when that ground water discharges to suriace 
water that is used for fishing or shellftshing. 



Surface Water. FWQC and state water ouall!v 
standards ( \\'QS 1 :nc common ARARs fur s~ria~ 
water. .~ 1mponant determmauon for identifvmc 
.A.RARs and other critena as potential PRGs. fo; 
suriace water~~ the current designate{l and future 
expected use of the ware: body. Because surface 
water potentially could serve many uses (e.g., 
drinking and fishing). several ARAR.s may be 
tdentified as potential PRGs for a chemiwl. wtth 
each ARAR correspondtng to an identifie{l usc. A 
state WQS is generally the most likely ARAR for 
surface water unless a federal standard is more 
stringent. 

If surface water is a current or potential source 
of drinkinr water. MCL.s. state drinking water 
standards, non-zero MCLGs, and F\VQC are 
potential ARARs. The analysis to determine 
which of these drinking water standards is the most 
likely AR..A.R-base{l PRG is the same as that 
conducted for ground water. An FWQC base{l on 
ingestion of water and fish might be an ARAR for 
surface water used for drinking. 

If the designate{l or future expecte{l use of 
surface water is fishine or shellfishinc, and the 
state has not promulgated a WQS, an FWQC 
should be considere{l as a potential ARAR. The 
panicular FWQC (i.e., for v..-ater and fish ingestion 
or fish ingestion alone) selecte{l as the potential 
.ARAR depends on whether exposure from one or 
both of the routes is likely to occur and, therefore, 
on the designate{l use of the water body. If other 
uses of the water are designated (e.g., sv..immingl. 
a state WQS may be available. 

Soil. In general. chemical-specific ARARs 
may not be available for soil. Certain states. 
however, have promulgated or are about to 
promulgate soil standards that may be ARARs and 
thus may be appropnate 10 use a.s PRGs. In 
addition, several EPA policies may be appropriate 
to use in developing PRGs (e.g .• see EPA 1990<: 
for guidance on PCB clean-up levels). 

2.5 EXPOSURE PATHWAYS~ 
P ARA.l\1ETERS, AND 
EQUATIONS 

This step is generally conducted for each 
medium and l2.nd-use combination and involves 
idenufying the most appropriate (1) exposure 
pathways and routes (e.g .. residential ingestion of 
drinking water). (2) exposure parameters (e.g .. 

-11-

:: ltters.dav of water mgestedl. and t3! ecuauon~ 

1c.g .. to tncorporate m;akc 1. lhc e~uauons 

tnclude CJk:uJauons of wtal tr.:Jke tram <l f:'l\er. 

medtum and are based on the 1denufied exposure 
pathways and assoctated parameters. lnformauor. 
gathered in thiS s1ep should be used to calculau: 
risk-based PRGs using the default equations 
identifie{l in Chapters 3 2nd ~ Site-specific 
equauons can he derived tf a difierent set c,f 
exposure pathways is tdenufled fur a particular 
medium: this option also is d1scussed in Chapters 
:. and 4. 

When nsk-based concentrauons are developed 
during scoping, readilv available site·speciftc 
mformation may be adequa1e to idenufv and 
develop the exposure pathways. parameters. and 
equations (e.g .. readily available information may 
indicate that the exposure duration should be 40 
years instead of the standard default of 30 years\ 
In the absence of readily availabl·· site-specific 
information. the standard default informauon in 
Chapters 3 and 4 generally should be use{l for the 
development of risk-based PRGs. 

Exhibit 2-1 llsts a number of the potential 
exposure pathways that might be present at a 
CERCLA site. The exposure pathways mcluded in 
the medium-specific standard default equauons 
(see Chapters 3 and 4) are italicized in this exhibll. 
Note that Chanters 3 and 4 mav not address all of 
the exposure pathwavs of possible importance a: a 
given CERCLA site. For example. :he 
consumption of ground water that continues 10 be 
contaminated by soil leachate is not addressed. 
Guidance on goal-setting w address this exposure 
pathway is currently under development by EPA 
In addition. the standard default C{jUations do not 
address pathways such as plant and ammal uptake 
of contammants from soil wah subsequent human 
ingestion. Under certain circumstances. these or 
other exposure pathways may present significant 
nsks to human health. The standard default 
information. however. does address the quantifiable 
exposure pathways that are often significant 
contributors of risk for a particular me{lium and 
land use. 

Chapters 3 and 4 show how exposures from 
several pathways are addresse{l in a single equauor. 
for a me{l1um. For example, in the equauon for 
ground water and surface water under the 
residential land-use assumrnion. the coefficJer.ts 
incorporate default parameter values for ingesuon 
of drinking water and inhalation of volatiles durin~ 



EXHIBIT 2-1 

TI'PICAL E:>..'"POSuRE PATH\\'A YS BY \1EDIC\1 
FOR RESIDEI\'TIAL A. '\;D C0\1MERCL\L/I~DCSTRIAL L-\:\D CSESa.o 

Exposure Pathways . .A..ssuming: 

Medium 

Ground Water 

Surface Water 

Soil 

Residential Lmd Usc 

Ingestion from drinking 

Inhal.aLion of ~·ol.aLiles 

Dermal absorption from t>Jthing 

Immersion - extemalc 

Ingestion from drinking 

I nhaia.lion of voia.Jiles 

Dermal absorption from bathmg 

Ingestion during swimming 

Ingestion of contaminated fish 

Immersion - extemalc 

Ingestion 

Inhalation of particulates 

Inhalation of volatiles 

Direct auma1 erposurec 

Exposure to ground water contaminated 
by soil leachate 

Ingestion via plant uptake 

Dermal absorption from gardening 

CommerciaJ.flndustnal Land Lse 

Ingestion from drink..ingd 

Inhalation of volatiles 

Dermal ahsorption 

Ingestion from drink..ingd 

Inhalation of volatiles 

Dermal absorption 

Ingestion 

lnhakuion of particuia.tes 

I n.h.akuion of vol.aLiles 

Direct euernal e.:r:posurec 

Exposure to ground water contaminated 
bv soil leachate 

Inhalation of particulates from trucks 
and heavy equ1pment 

a Lists of land uses. media. and exposure pathways are not comprehensive. 

b Exposure pathways included in RAGS!HHEM Part B standard default equations (Chapters 3 and 4) are 
italicized. 

c Applies to radionuclides only. 

d Because the NCP encourages protection of ground water to maximize its beneficial use. risk-based PRGs 
generally should be based on residential exposures once ground water is determined to be suitable for drinking. 
Similarly, when surface water will be used for drinking. general standards (e.g., ARARs) are to be achieved 
tt'.Jt define levels protective for the population at large, not simply worker populations. Residential exposurt 

scenarios should guide risk-based PRG development for ingestion and other uses of potable v:ater. 
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household water use. Full detatls of parameters 
used to develop each equation and a summar\ of 
the "rcducee" standard default equations are 
prov1ded in the text of these chapters. 

Certain modificauons of the default equauons 
may be desirable or necessary. For example. if an 
exposure pathway addressed by an equauon m 
Chapter :; seems inappropriate for the stte (e.g .. 
because the water contains no volatiles and. 
therefore, inhalation of volatiles is irrelevant), or 
if informauon needed for a pathway (e.g .. a 
chemical-specific inhalation slope factor !see 
Section 2.6]) is not readily available or derivable. 
then that pathway can be disregarded at this stage. 

The decision about whether the risk assessor 
should collect site-specific human exposure 
pathv.-ay information (e.g .• exposure frequency, 
duration. or intake rare data) is very important. 
There \l:ill frequently be methods available to 
gather such information. some of which are more 
expensive and elaborate than others. Determining 
whether the resulting data are reasonably 
representative of populations in the surrounding 
area. however, is often difficult. Collecting data by 
surveying those individuals most convenient or 
acassible to RPMs or risk assessors may not 
present a complete population exposure picture. 
In fact. poorly planned data gathering efforts may 
complicate the assessment process. For example, 
those surveyed may come to believe that their 
contributions will play a more meaningful role in 
the risk assessment than that planned by the risk 
assessors: this can result in significant demands on 
the risk assessor's time. 

Before such data collection has begun. the risk 
assessor should determine. with the aid of 
screemng analyses. what benefits are likely to 
result. O:lllection of the exposure data discussed 
in this section generallv should not be attempted 
unless si!!nificant differences are likelv to result in 
final reasonable maximum exposure (RME) risk 
esumates. If data collection is warranted, 
systematic and well-ronsidered efforts that 
minimize biases in results should be undertaken. 
Estimates of future exposures are likely to rely 
heavily on conservative exposure assumptions. By 
definition. these assumptions will be unaffected by 
even the most extensive efforu to characterize 
current populauon acu,ity. 

At this stage. the risk assessor. site engineer, 
and RPM should discuss information concerning 
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the absence or presence of important exposure 
pathways. because remediauon goals should t>e 
designed for specific areas of the sne rr.at a 
particular remedy must address. and exposures 
expected for one area of the site may dtf!er 
significantly from those expected in another area. 

:::!..5.1 GROUND WATER/SCRFACE WATER 

The residential land-use default equattons 
presented in Chapters 3 and 4 for ground water or 
surface water are based on ingestion of drinking 
water and inhalation of volatile (vapor phase 1 

chemicals originating from the household wate:
supply (e.g., during dish washing. clothes 
laundering. and showering). 

Ingestion of drinking water is an appropnare 
pathY..-ay for all chemieils with an oral cancer slope 
factor or an oral chronic reference dose. For the 
purposes of this guidance, however. inhalation of 
volatile chemicals from water b considered 
routinelv onlv for chemieils with a Henrv's Law 
consran~ of i x w-5 atm-m3/mole or gr~ter and 
with a molecular weight of less than 200 g./mole. 
Before determining inhalation toxicity values for 3 

specific chemieil (Section 2.6), it should be 
confirmed that the Henry's Law constant and 
molecular weight are in the appropriate range for 
inclusion in the inhalation pathway for water. 

Default equations addressing industrial use o! 
ground water are not presented. Because the ~CP 
encournges protection of ground water to its 
maximum beneficial use, once ground water ts 
determined to be suitable for drinking, risk-based 
PRGs generally should be based on residenual 
exposures. Even if a site is located in an industna: 
area. the ground water underlying a sne m ar, 
industrial area may be used as a drinking water 
source for residents several miles away due rc: 
complex geological interconnections. 

2.5.2 SOIL 

The residential land-use standard default 
equations for the soil pathway are based or1 
exposure pathways of ingestion of chemicals in soil 
or dust. The industrial land-use equations are 
based on three exposure pathY..-ays: ingesuon of 

soil and dust. inhalation of particulates. Jnd 
inhalation of volatiles. Again, for the purposes o; 
this guidance. inhalation of volatile chem1cals ~~ 

relevant onlv for chemicals with a Henr.:"s Llw 
constant of .1 x 10·5 atm-m3/mole or gre..a"ter and 



v.ith a molecular weight of less than 200 g;mole. 
For the inhalation pathways. in addition \O toxicny 
information. several chemical- and site-spectfic 
values are needed. These value5 include molecular 
diffusi\ity, Henry's Law constant, organic carbon 
partition coefficient. and soil moisture content (see 
Chapter 3 for details). 

CASE STUDY: IDENTIFY EXPOSURE 
PATHWAYS, PARAMETERS, 

A."'lD EQUATIONS 

For the potential residential land use 
idenufied at the XYZ Co. site, the contaminated 
ground water (one of several media of poteotial 
concern) appears to be an important source of 
future domesuc water. Be.:ause sne.spectfic 
information is not initially available to develop 
specific exposure pathways, parameters, and 
equations, the standard default assumpuons and 
equauons provided in Chapter 3 v.ill be used to 
calculate rislc-based PRGs. Exposure pathways 
of concern for ground v;ater, therefore, are 
assumed to be ingestion of ground v.-ater as 
drinking v.-ater and inhalation of volatiles in 
ground water during household use. 

2.6 TOXICI1Y INFORMATION 

This step involves identifying readily available 
toxicity values for all of the chemicals of potential 
concern for given exposure pathways so that the 
appropriate slope factors (SFs; for carcinogenic 
effects) and reference doses (RIDs: for 
noncarcinogenic effects) are identified or derived 
for use in the site-specific equations or the 
standard default equations. Therefore. Chapter 7 
of RAGS(I-IHEM Pan A should be rev1ewed 
carefullv before proceedine: with this step. 

The hierarchy for obtaining toxicity values for 
risk-based PRGs is essentially the same as that 
used in the baseline risk assessment. Briefly, 
Integrated Risk Information System (IRIS) is the 
primary source for toxicity information; if no 
verified toxicity value is available through IRIS, 
then Health Effects Assessment Summar.· Tables 
(HEAST) is the next preferred source. When the 
development of a toxicity value is required (and 
appropriate data are available), consultation v.ith 
the Superfund Health Risk Assessment Technical 
Suppon Center is warranted. EPA staff can 
contact the Center by calling FTS-684-7300 
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(513-569-7300) or by F.AJ.:. at FTS-6.84-/159 
(513-569-7159). Others must fax lO the above 
number or wnte to: 

Superfund Health Risk Technical Support 
Center 

Environmental Criteria and Asse.ssmenr Office 
U.S. Environmental Protection Agency 
Mail Stop 114 
26 West Martin Luther King Drive 
Cincinnati, Ohio 45268 

Other toxicity information that should be 
obtained includes EPA's weight-of-evidence 
classification for carcinogens (e.g., A.. Bl) and the 
source of the information (e.g .. IRIS. HEASn. 

Note that throughout this document, the term 
hazard index (HI) i.s used to refer to the risk level 
associated with noncarcinogenic effects. An HI is 
the sum of two or more hazard quotients (HQs). 
An HQ is the ratio of an exposure level of a single 
substance to the RID for that substance. Because 
RIDs are generally exposure pathway-specific (e.g., 
inhalation RID), the HQ is a single substance/ 
single exposure pathway ratio. An HI, on the 
other hand, i.s usually either a single substance/ 
multiple exposure pathway ratio, a multiple 
substance/single exposure pathway ratio, or a 
multiple substance/multiple exposure pathway 
ratio. In this document, however, only one 
exposure pathway is included in the default 
equation for some land-use and medium 
combinations (e.g., re.sidential soil). In order to 
remain consistent, the term HI has been med 
throughout RAGS!HHEM Pan B, even though for 
such a pathway, the term HQ could apply. 

2.7 TARGET RISK LEVELS 

This step involves identifying target nsk 
concentrations for chem.Jcals of potential concern. 
The standard default equations presented in 
Chapters 3 and 4 are based on the following target 
risk levels for carcinogenic and noncarcinogenic 
effects. 

• For carcinogenic effects, a concentration LS 

calculated that corresponds to a 10..:, 
incremental risk of an individual developing 
cancer over a ufetirne as a result of exposure 
to the potential carcinogen from all significant 
exposure pathways for a given medium. 



CASE STUDY~ JDEI'TIFY TOXJCin· 1!'-IFORMATIO~' 

Refere:1:e tOXICIIY values for ca:1cer and no:1wnce; effects ( 1e .. SFs and RfDs. resnecnveJy) are reau1rec to; 
chem1:alS Without ARAR-based PRGs (only the case s:uay chem1ca1S wl!hout ARARs are l1sted here). Cons1denng 
the grounc-water medJUm on~·. tnfeSliOn and rnhalatiOn are exposure patnways or cun:ern. Tox1c:1v m!orn1il!JOn 
1s obtamed tror.1 IRIS :1nc HEAST. <md IS shov.11 m the table beiow. 

II 
I 

RfD SF We1ght of I Chem1cal (mg;lcg-day) Source (mg/kg-dayrl E\1dence Source 

EXPOSURE ROUTE: !:"GESTIO!\ 

Hexane 0.06 HEA.ST - - -
lsophorone 0.2 IRIS 0.0039 c HEAS-:-
Triallate 0.013 IRIS - - -

EXPOSURE ROUTE: I~HALATIOI' 

Hexane 0.04 HEAST - - -
I~phorone - - - c HEAST 
Tnallate - - - - -

• All information m thiS example is for Illustration purposes only. 

• For noncarcinol!enic effects. a concentration is 
calculated that corresponds to an HI of 1, 
which is the level of exposure to a chemical 
from all significant exposure pathways in a 
given medium below which it is unlikely for 
even sensitive populations to expenence 
adverse health effects. 

At scoping, it generally is appropriate to use 
the standard default target risk levels described 
above and discussed in the NCP. That is. an 
appropriate point of departure for remediation of 
carcinol!enic risk is a concentration that 
corres~nd.s to a risk of 10-6 for one chemical in a 
particular medium. For noncarcinogenic effects. 
the r--;cp does not specify a range, bur it generally 
is appropriate to assume an HI equal to 1. 

2.8 MODIFICA TIO~ OF 
PRELIMINARY 
REMEDLI\TION GOALS 

Upon completion of the baseline risk 
assessment (or as soon as data are available), it is 
important lO review the future land use, exposure 
assumptions, and the media and chemicals of 
potential concern originally identified at scopmg, 
and determine whether PRGs need to be modified. 
Modification may involve adding or subtracting 
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chemicals of concern, media, and pathways or 
revising individual chemical-specific goals. 

2.8.1 REVIEW OF ASSUMPTIO:'\S 

Media of Concern. ;\s a guide to determtntn!= 
the media and chemtcals of potential wncern. th~ 
OSWER directive Role of the Base/me RISk 
Assessment in Superfurui Remedy Selecrwn Deciswr.s 
(EPA 1991c) indicates that action ts generall:
v.--arranted at a site when the cumulauvc 
carcinogenic risk is greater than 10-4 or the 
cumulative noncarcinogenic HI exceeds 1 based on 
RME assumptions. Thus. where the baselme m~ 
assessment indicates that either the cumuiJtt\c 
current or future risk assoctated with a me<.Jium 1: 

greater than 10-4 or that the HI is greater than 1. 

that medium presents a concern. and it generallv ~~ 

appropriate to maintain risk-based PRGs fur 
contaminants in that medium or develop risk-based 
PRGs for additional media where PRGs are not 
clearly defined by ARARs. 

When the cumulative current or future 
baseline cancer risk for a medium is v.ithln the 

range of 10~ to 10-4. a decision about whether o: 
not to take action is a site-specific determtnallon 
Generally, risk-based PRGs are not nee-ded for am 
chemicals in a medium with a cumulative wncc~ 
risk of less than 10-6, where an HI is less than or 



equal to Lor where the PRGs are clearly defined 
by ARARs. However. there may be case;; where a 
me{jium appears ro meet the pr01ecuveness 
critenon but contributes to the contamination oi 
another me{jium (e.g., soil contributing to ground
water contamination). In these cases. it may be 
appropriate w modify existing or develop new risk
base{j PRGs for chemicals of concern m the first 
medium. assuming that fate and transpon models 
can adequately predict the impacts of concern on 
other media. EPA is presently developing 
guidance on quantifying the impact of soil 
contamination on underlying aquifers. 

Chemicals of Concern. As with the innial 
me{jia of potential concern. the initial Jist of 
specific chemicals of potential concern in a given 
medium may need to be modified to reflect 
increased information from the RifFS concerning 
the importance of the chemicals to the overall site 
risk. Chemicals detected during the RifFS that 
were not anticipated during scoping should be 
considered for addition to the list of chemicals of 
potential concern; chemicals anticipated during 
seeping that were not detected during the RifFS 
should be deleted from the lisL Ultimately, the 
identity and number of contaminants that may 
require risk-based PRGs depends both on the 
results of the baseline risk assessment and the 
extent of action required, given site-specific 
circumstances. 

Following the baseline risk assessment, any 
chemical that has an associated cancer risk 
(current or future) within a medium of £reater 

~ -than 10 or an HI of greater than 1 should remain 
on the list of chemicals of potential concern for 
that medium. Likewise, chemicals that present 
cancer risks of less than 10~ generally should not 
be retained on the list unless there are significant 
concerns about multiple contaminants and 
path\\'ays. 

Land Use. After the RIJFS, one future land 
use can usually be selected based on the results of 
the baseline risk assessment and discussions with 
the RPM. In many cases, this land use will be the 
s.ame as the land use identified at seeping. In 
other cases, however, additional information from 
the baseline risk assessment that was not available 
at scoping may suggest modifying the initial land
use and exposure assumption.s. A qualitative 
assessment should be made - and should be 
available from the baseline risk assessment - of 
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the likelihood that the assumed future land use 
will occur. 

Exposure Pathwa~·s, Parameters, and 
Equations. For exposure pathways. this process of 
modifying PRGs consists of adding or <.leleung 
exposure pathways from the medium-specifiC 
equations in Chapters 3 and 4 to ensure that the 
equation accounts for all significant exposure 
pathways associated v.'ith that medium at the Site. 
For example, the baseline risk assessment may 
indJcate that dermal exposure to contaminants in 
soil is a significant contributor to site risk. In th1s 
case, the risk-based PRGs may be modified b\ 

adding equations for dermal exposure. EPA pollcy 
on assessing this pathway is currently under 
development; the risk assessor should consult the 
Superfund Health Risk Technical Support Cemer 
(FTS-684-iJOO or 513-569-7300) to determme the 
current status of guidance. Likev.'ise. when 
appropriate data (e.g., on exposure frequency and 
duration) have been collected during the Rl!'FS. 
site-specific \'alues can be substituted for the 
defaull values in the medium-specific equations. 

2.8.2 IDE:!".1IFICA TION OF 
UNCERTAINTIES 

The uncertainty assessment for PRGs car. 
serve as an imponam basis for recommendmg 
further modifications to the PRGs prior to setting 
final remediation goals. It also can be used during 
the post-remedy assessment (see Section 2.8.4) to 

identify areas needing particular attention. 

Risk-based PRGs are associated with vaneA1 
levels of uncertainty, depending on many factor_ 
(e.g., confidence that anticipated future land use 1s 
correct). To place risk-based PRGs that have been 
developed for a site in proper perspective. an 
assessment of the uncertainties associated with the 
concentration.s should be conducted. This 
assessment is similar to the uncertainty assessment 
conducted during the baseline risk assessment (see 
RAGS/I-I HEM Part A especially Chapters 6. i. 
and 8). In fact, much of the uncenainry 
assessment conducted for a site's baseline rJSk 
assessment will be d1rectly applicable to the 
uncertainty assessment of the risk-based PRGs. 

In general, each component of risk-basce 
PRGs discussed in this chapter - from med1a o: 
potential concern lO target risk level - should be 
examined, and the major areas of uncertamt\ 
highlighted. For example, the uncertamt\ 



assoctated with the selec!ed future land use should 
be dtscussed. !='urthermore. the accur3(."\' of the 
techniwl models used (e.g .. for volatiltzatlon of 
contaminants from sot!) to ref1e{:t sne-spectftc 
condnions (_present and future) should t'oc 
dtscussed. If site-specific exposure assumpuon.s 
have been made. it ts parucularly important to 
document the data supporting those assumpuons 
and to assess their relevance for potentially 
exposed populations. 

:\s the chemiwl- and medium-specific PRGs 
are developed. many assumptions regarding the 
RME indtvidual(s) arc incorporated. /.Jthough 
PRGs are believed to be fuliy protective for the 
RME individual(s), the proximity of other nearby 
sources of exposure (e.g., other CERCLA sites, 
RCRA. facilities. naturally occurring background 
contammation) andior the existence of the same 
contaminants in multiple media or of multiple 
chemicals affe{:tmg the same population(s), may 
lead to a situation where, even afier attainment of 
all PRGs, protectiveness is not clearly achieved 
(e.g., cumulative risks may fall outstde the risk 
range). The more likely it is that multiple 
contaminants, pathways, operable units, or other 
sources of toxicants v.'ill affect the RME 
indi•idualfs). the more likely it will be that 
protectiveness is not achieved. This likelihood 
should be addressed when identif!ing uncertainties. 

2.8.3 OTHER CONSIDERATIONS IN 
MODIF'rlNG PRGs 

The NCP preamble and rule state that factors 
related to exposure. techmcal limitations, and 
uncertainty should be considered when modifying 
PRGs rsee nen two hoxes) and setting final 
remezhauon levels. 

While the ftnal rcmedtal action objectives must 
sai!Sfy the original "threshold criteria" of protection 
of human health and the environment and 
compliance v.'ith ARARs, the factors in the 
"balancing and modifying criteria" (listed in Section 
1.3.2) also are considered in the detailed analysis 
for choosing among remedtal alternatives. In cases 
where the alternative that represents the best 
balance of factors is not able to attain cancer risks 
v.1thin the nsk range or an HI of 1, institutional 
controls may be used to supplement treatment 
and.1or containment-based remedial action to 
ensure prote{:tion of human health and the 
emironment. 
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:\CP PREA.\1BLE: EXPOSL'R£. 
TECHSICAL A.;"\D 

l'!'KERTAJSTI' FACTORS 
('i'i Federal F.I'_'?'..Ster S7Ji, Marcr. S. JllQ(\1 

"Preltmmarv remedtauor. g03ts ... may t"<: 

reviSed ... ba5ed on the constcierallon o: 
appropnate factors mctudmg. but not ltmtted to· 

exposure facto~s. u:1ccnamty factors. and techntcal 
factors. Included under ex;x:Jsure factors are: 
cumulauve eftect of multtple conramtnants. the 
potenual for humiln exposure fror.; other pathwavs 
a: the site. populauon senslliVill~. pJtenttal 
1mpacts on envtronmenral recepro:-s. and cross
medta 1mpacts of alternauves. Factors related to 
uncenamry mav mclude: the rellabtli!Y o: 
altemauv~. the wetght of sctenuiic C\1de:1ce 
wncermng exposures and mdnndual and 
cumulauve health effects. anc the rehab!ltry of 
exposure oata. Techmcal f3ctors may mclude: 
detecuon:ouantlflcauon l1m1ts for contar.1mants. 
techmca: J;m,;auons to remedtatton, the abil1ry to 

monnor and control movement of contaminants. 
and back~round levels of comammants. The final 
select ton ~f the appropnate nsk level IS made when 
the remedy is selected based on the balancmg of 

critena ... ." 

NCP RULE: EXPOSllRE. TECH:\ICAL 
A.l'llD UI'CERTAII'TY FACTORS 

(~0 CFR 300.4:'.0te)t2)(i)) 

"(i) ... Remedtal!on go..1ls ... shall be developed by 
constdenng the foli()\l,1n; 

"(A) Applicable o~ relevant :Jr.C a;::proDn:J:e 
requ1rements .. anc the fol\Q\l,ln~ fac:ors: 

"(I) For systemtc t:-:xtc::Jnts. ac:ectable 
exposure levels ... ; 

"(2) For lmovm or suspected C3rcmogens. 
acceptable exposure leveLs ... , 

"(3) Factors relatec tc techmc::JI lrmttatlons 
such as detecuon.:quanllfJ::auor. ltmtts fc~ 

comamrnanrs: 

"(·n Factors rela:ec to uncer:amr;; J:JC: 

"(5) Other perur.er.: mform:wo::.· 



J'.;ote that in the absence of ARAR.s, the l o-<> 
cancer risk 'point of departure" ts u;ee as a 
stanmg point for analysis of remedial alternatives. 
which reflects EPA's preference for managing nsks 
at the more protective end of the risk range, other 
things being equal. Use of "point of denanure" 
tareet risks in this gutdance does not reflect a 
presumption that the final remedial action should 
attain such eoals. (See NCP preamble, 55 Federnl 
Regisrer 8718-9.) 
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:.8.4 POST-REMEDY ASSESSMEI"T 

To ensure that protective conditions extst aitei 
the remedy achieves all individual remedJatJon 
levels set out m the ROD, there generally will be 
a site-wide evaluation conducted follow1ng 
completion of a site's final operable unit tc.g .. 
during the five-year re\iew). This site-wtde 
evaluation should adequately characterize the 
residual contaminant levels and ensure that the 
post-remedy cumulative site nsk is protective. 
More detailed guidance on the post-remedy 
assessment of site "protectiveness" is currently 
under development by EPA. 



CHAPTER3 

CALCULATION OF RISK-BASED 
PRELIMINARY REMEDIATION GOALS 

This chapter presents standardized exposure 
parameters. the deri\'ation of risk equations. and 
the corresponding "reduced" equations. for 
calculating risk-based PRGs at scoping for the 
media and land-use assumptions discussed in 
Chapter 2 (i.e .. ground water, surface \l.'ater, and 
soil for residential land use, and soil for 
commercial/industrial land use). Both carcinogenic 
and noncarcinogenic effects are addressed. 
Standardized default exposure parameters 
consistent with OS\VER Directive 9285.6-03 (EPA 
199lb) are used in this chapter; where default 
parameters are not available in that guidance, the 
references used ate cited. If other media requiring 
risk-based PRGs are identified during the RIJFS. 
or other exposure parameters or land uses are 
assumed, then appropriate equations will need to 
be modified or nev.· ones developed. 

Risk-based equations have been derived in 
order to reflect the potential risk from exposure to 
a chemical, given a specific pathway, medium, and 
land-use combination. By setting the to1.al risk for 
carcinogenic effects at a target risk level of 10-6 
(the NCP's point of depanure for analysis of 
remedial alternatives), it is possible to solve for the 
concentration term (i.e., the risk-based PRG). The 
total risk for noncarcinogenic effects is set at an 
HI of 1 for each chemical in a pamcular medium. 
Full equations v.ith pathway-specific default 
exposure factors are presented in boxes -with 
uniformly thin borders. Reduced equations are 
presented in the standard boxes (i.e., thicker top 
and bottom borders). At the end of this chapter, 
the case study that began m Chapter 2 is 
concluded (by showing how to calculate and 
present risk-based PRGs). 

ln general, the equations described in this 
chapter are sufficient for calculating the risk-based 
PRGs at the scoping stage of the Rl!FS. Note, 
however, that these eauations are based on 
standard default assumptions that mav or mav not 
reflect site-specific conditions. When risk-based 
PRGs are to be calculated based on site-specific 
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conditions. the risk assessor should modify the ft.: II 
equations. and/or develop additional ones. Risk 
equations for individual exposure pathwavs for 3 

given medium are presented in Appendix B of thts 
document, and may be used to develop and .. or 
modify the full equations. (See che introduction ro 
Appendix B for more detailed instructions.) 

Before examining the calculation of risk-t>ased 
PRGs. several imponant points should be nowJ 

• Use of toxicity· values in the equations as 
v.Titten currently assumes 100 percent 
absorption effeciency. That is, for the sake of 
simplicity at scoping, it is assumed that the 
dose administered to test animaU, in tox1cit~ 
studies on which toxicity values are based was 
fully absorbed. This assumption may need to 
be revised in cases where toxicity· values based 
on route-to-route extrapolation are used, or 
there are significant differences in absorpuon 
likely between contaminants in site media and 
the contaminants in the vehicle used in the 
toxicity study. Chapter 7 and Appendix A m 
RAGSIHHEM Pan A (EPA 1989<1) pro,ide 
additional deLails on this point. 

• The risk-based PRGs should contai.n at most 
two significant figures even though some ol 
the parameters used in the reduced equauons 
carry additional significant figures. 

• The equations presented in this chapter 
calculate risk-based concentrations usmg 
inhalation reference doses (RfD,s) and 
inhalation slope factors (SFis). If only the 
reference concentration (RfC) and/or 
inhalation unit risk are available for a 
pamcular compound in IRIS, conversion to an 
RfDi and/or SF, v.ill be necessary. ~1am 
convened toxicitv values are available 1r. 
HEAST. 

• All standard equations presented here 
incorporate pathway-spedfic default exposure 



3.1 

!actors that generally reflect RME condlllons. 
-~ dcta1ied tr: Chapter b of RAG?/I-IHE:..-l 
P:n: :\ \In the discussion on combininf 
pathway mks [SeC!lon 8.3 ]). RME nsks from 
one pathway should be combmed with RME 
risks from another pathway only where there 
is good reason. Typically, RME from one 
pathway is not likely to occur •Nith RME from 
another 1.unle.ss there is a strong logtcal 
dependent relationship between exposures 
from the two pathways). If risk-based 
concentrations are developed for both the 
w2ter and the soil pathways. the risk assessor 
ultimately may need to adjust exposure 
assumptions from one p~thway (i.e., the one 
v.'ith the lower RME) to less conservative 
(more typical) values. 

RESIDEl\rriAL LA..l\'D USE 

3.1.1 GROUND WATER OR SURFACE 
WATER 

Under residential land use. risk from surface 
..;.-ate!" or ground-water contaminants is assumed to 

be due primaruy ":. ~~---: mge.:.,iun anu 1u 

inhalation of volatiles from household water use. 
Therefore, only these exposure pathways are 
considered in this section. Additional exposure 
pathways (e.g., dermal absorption) are possible and 
may ::.·:! <;ignificant at some sites for some 
contaminants, while pernaF '"'nlv one exposure 
pathway (e.g., direct ingestion of wate1 '-~::1:;~ ...,,~ 

be relevant at others. In any case, the risk-based 
PRG for each chemical should be calculated by 
considering all of the relevant exposure pathwa~. 

In the case illustrated here, risks from two 
exposure pathwa~ from ground water or surface 
water are combined, and the risk-based 
concentration is derived to be protective for 
exposures from both pathways. Default risk from 
ground water or surface water would be calculated 
as follows ("total" risk, as used below, refers to the 
combined risk for a single chemical from all 
exposure pathv;ays for a given medium): 

Total risk 
from v.-:ater 

= Risk from 
mge.suoo of 
v.<lter (adult) 

+ RISk from mhala
tion of volatiles 

from household 
v.-:ater (adult) 

At scoping, nsk from indoor inhalation of 
volatiles is assumed to be relevant only for 
chemicals that easily volatilue. Thus. the risk 
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equa uon mcorporates <1 water -a1 r cone~ r. trauor. 
relationship that IS aopltwble only to che:r.t~ls 
with a Henr. ·s L-2" constant of !Creater 1har. ~ " 
10-5 atm-m:::;mok and a molecul~r we1!Cht of lcs~ 
than 200 g.:molc. These cmena are n~t used to 
screen out chemicals that are not of potenual 
concern for this exposure pathway but onlv to 

identify those that generally should be considered 
for the inhalation pathway when developmg nsk
based PRGs early m the process. Chemicals that 
do not meet these cnteria may pose significant site 
risks \and requtre risk-based goals) through 
volatile.<; inhalation. The ultimate decisJOr. 
regarding which contaminant.5 should be 
considered in the FS must be made on a sne
specific basis follov.ing completion of the baseline 
nsk assessment. 

Based primarily on experimental data on the 
volatilization of radon from household use.<; of 
water, Andelman (1990) derived an equation that 
defines the relationship between the concentration 
of a contaminant in household water anc the 
average concentration of the volatilized 
contaminant in air. In the derivation, all use.<; oi 
household V.'ater were considered (e.g., showering. 
laundering, dish "'-ashing). The equation use.<; a 
default "volatilization" constant (K) upper-bound 
\'3lue of 0.(X)J5 x 1(X)J L'm3. (The 1000 LIT'. 3 

conversion factor is incorporated into the equauon 
so that the resulting air concentration is expressed 
in mglm3.) Cenain assumptions were made m 
deriving the default constant K (Andelman 1990). 
~·u1 e:xampl;;, :; is a:;sumed that the volume of 
water used in a residence for a familv of four is 
720 Uday, the volume of the dwelling is 150.000 L 
and the air exchange rate is O.::.S m:;/hr. 
Funhermore. it is assumed that the averal:!e 
transfer efficiency weighted by water use is SCI 
percent (i.e .. half of the concentration of ~ch 
chemical in water v.'ill be transferee into air b~ all 
v.'ater uses [the range extend5 from 30% for to.Jlets 

to 90% for dishwashers]). See the Andelman 
paper for further details. 

Concentrations Based on Carcinogenic Effects. 
Total risk for carcinogenic effects of cenatn 
volatile chemicals would be calculated bv 
combining the appropriate inhalation and oral SF~ 
v.itb the two intakes from water: 

Total = SF o x Intake from 
ns.l.: inge.suon of 

v.-:ater 

.,. SF, X lnr.ake frorr: 
inha~uCXJ of 
'.da:Jles frcr.: 



Adding appropriate parameters. and then 
rearranl!ml! the eC!ua!Jon to solve fur 
concentration. results in Equation ( 1 ). 

Equation (1 ')on the next page is the reduced 
version of Equation (1) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecifled cancer risk level of 10-<>. It 
combines the toxicity information of a chemical 
with standard default exposure parameters for 
residential land use to generate the concentration 

of that chemical that corresponds to :J ;l··" 
carcinogenic nsk level due to that chemiwl '' 
either the SF0 or SFi in Equation (1") I5 n''l 

available for a particular chemical, the te~r:l 

contammg that variable in the equatJon wn t"lr: 

ignored or equated to zero (e.g .. for a chemical 
that does not have SF,, the term /.5(SF,l 1r. 

Equation ( 1 ') is ignored). If anv of the default 
rarameter values are chan!!ed to retlect stte

soeCific conditJons_ the reduced eauation cannot t"lc 

used. 

RESIDENTIAL WATER- CARCI!'IOGENJC EFFECTS 

TR 

C (mg/L; nsk
ba.sed) 

where: 

Paramete~ 

c 
TR 
SF, 
SFO 
BW 
AT 
EF 
ED 
IR, 
IR. 
K 

SFO X c X IR.. X EF X ED + 
BW x AT x 365 days;yr 

SF X c X K X IR X EF X ED 
BW x AT x 365 days.)-:-

EF x ED x c x f(SF0 x IR,.) + rsF x K x IRJJ 
B v.· x AT x 365 daysr)T 

TR x BW x AT x 365 davs!Vr 
EF x ED x ((SF, x K x IR,) + (SF0 x IR,.)j 

Definition (umts) 

chemtcal concentration in water (mg/L) 
target c:xces.s indMdual !Jfe!.Jme cancer ruk (uni!les.s) 
inhalauon cancer slope factor ((mg/kg-<1ay)'1) 

oral cancer slope factor ((mg!Kg-<1ay)" 1
) 

adult body weight (leg) 
averagmg time (yr) 
exposure frequency (days/yr) 
exposure duration ()T) 
daity mdoor mhalation rate (m3/day) 
daity water mgesuon rate (Vday) 
volatihz.auon faClo:- (uniUes.s) 

Default Value 

10-<> 

chemical-specific 
chemtcal-spectfic 
70 leg 
70 )T 
350 days.'j'r 
30 vr 
15 ~3/dav 
::: L'day 
OJXXl:'i x 1000 um' ( Andelman 19'90'1 

REDUCED EQUATION: RESIDENTIAL WATER- CARCINOGENIC EFFECTS 

Risk-based PRG = 1.7 X 10"" 
(mg:L; TR = 10"") 

wnere: 

= oral slope factor n: (mg!Kg-<iay) 1 

inhalation slope faClor m (mg,'1cg-<1ay)" 1 
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Concentrations Based on ~ oncarcin~enic 

Effects. Total Hl would be wlc~ated h\ 
combining the appropriate oral and 1nhalauon 
RfDs v.'ith the two intakes from water: 

HI = Intake from oral m~?esuon 
RfDO 

+ Intake frorr. mhalation 
RfD, 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration. results in Equation (2). 

Equauon (2 ')or. the next page IS the reduced 
vers1on of Equauon (2) usmg the standard default 
parameters. and is used to C<Jlculate the nsk-ha5t.:U 
PRG at a prespecified HI of I. It combines tr.c 
toxicity information of a chemical with standard 
exposure parameters for residential land use to 

generate the concentration of that chem1cal that 
corresponds to an HI of L If either the RfDC' or 
RfDi in Equation (2 ·) is not available for a 
particular chemical, the term containing that 
variable in the equation can be ignored or equated 
to zero (e.g., for a chemical that does not have 
RfD,. the term 7.5..-RfD, in Equations (2 ') 15 
ignored). 

RESIDEI'o'TIAL WATER- 1\0J".;CARCINOGE?-iiC EFFECTS 

TI-il = c X IR X EF X ED + c X K X IR X EF X ED 
RfD

0 
x B\V x AT x 365 days.')T RfD, X BW X AT X 365 daVS')T 

= EF X ED X c X [(1/RfDO X IR.) + !11RfD X K X IR.)] 
B W x AT x 365 days,')T 

C (mg/L: nsk
ba.sed) 

= TI-n x BW x AT x 36<; davsivr 
EF X ED X (( 1/RfD, X K X IR.) + ( 1/RIDO X JR..)] 

where: 

Parameters Definiuon Default Value 

C chemical concentration in water (rng/L) 
TI-il target hazard index ( unitless) 
RfDo oral chronic reference dose (mglkg-day) chemical-speafic 
Rill, mhalauon chronic reference dose (rr.g/lcg-day) chemJcal-specific 
BW adult body weight (leg) 70 leg 
AT averagmg time (yr) 30 yr (for noocarcinogen.s. equ<ll to ED) 
EF exposure frequency (days!)-T) 350 days.IJT 
ED exposure duration (yr) 30 vr 
IR, da1ly mdoor mhalauon rate (rn'/day) 15 ~3/clay 
I~ cla1ly v.-arer rngesllon rare (Uday) 2 Uday 
K volat111Z2tton factor (umtless) 0.0005 x 1000 Um3 (:<\ndeirn3r. 1990) 

REDUCED EQUATION: RESIDENTIAL WATER- NONCARCINOGENIC EFFECTS 

RLSic-baseC PRG 
(mg/L; 1:-Ii :::: 1) 

where: 

= 73 
[7.5/RfD, + 2/RIDo] 

= oral chronic reference dose in mg/kg~ay 
= milalauon chronic reference dose m mg/icg-day 
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3.1.:.: SOIL 

Lnder rc_-,wenrul land u~e, risk of rhc 
contamrnant from soli is assumed to he due to 
llirCct rngesuon of sot! only. 

Total nsk. frorr: soli R~k. frorr: mgesuor: of soli 
(chile to adul:) 

Bewuse the soil rngestion rate is different for 
children and adults. the risk due to dirett mgestion 
of soil is wlcu!ated using an age-adjusted ingestion 
facwr. The age-adjusted soil ingestion factor 
( !Fsod:ad

1
) takes into account the difference in daily 

soil ingesuon rates, body weights, and exposure 
durations for 1'.\-'0 exposure groups - children of 
one to six years and others of seven to 31 years. 
Exposure frequenc:_.· (EF) is assumed to be 
identiwl for the two exposure groups. For 
convenience, this factor is calculated separa rely as 
a time-weighted soil intake. normalized to body 
weight, that can then be substituted in the total 
intake equation. Calculated in this manner, the 
factor leads to a more protettive risk-based 
concentration compared to an adult-only 
assumption. Note that the ineestion factor is in 
units of me-vr.'kg-dav, and therefore is not direttlv 
comparable to dailv soil intake rate in units of 
mg,'ke-dav. See the box containing Equation (3) 
for the calculation of this factor. 

Additional exposure pathways (e.g., inhalation 
of paniculates. inhalation of volatiles. ingestion of 
foodcrops contaminated through airborne 
particulate deposits. consumption of ground \\"Jter 
contaminated by soil leachate) are possible at some 
snes. The nsk assessor should evaluate whether 

mhalauon or orher 
significant at the Slle. 

exposure pa!hWJ\'S Jrc 
Generallv, for mam 

undrsturbed srtes With vegetative cover such a~ 

those found in areas of res1denual land u\c. ;;:; 
pathways are rclatrvely mmor contnbutors o( nsk. 
Greater concern ior baseline nsk \ia air pathwavs 
exists under commercialfindustnal l:wd-use 
assumptions. g1ven the incre2sed acuvity levcb 
likely (see Section 3.2.2) Au pathway mks alsP 
tend to be maJor concerns during remedtal ac~ron 
(see RAGS:HHEM Part Ci. If these other 
pathways are known to ~e s1gnrficant at scop1n~. 

Appendix B and/or other information should ~c 
used to develop site-speCific equauons for the ns~:
based PRGs. 

Concentrations Based on Carcinogenic EITects. 
Total risk for carcinogenic effects would rc 
wlculated by combimng the appropriate oral SF 
wnh the intake from soil. 

Total nsk. = SFo x lnrake frorr: rngesuon o! soil 

Adding appropnate parameters, and then 
rearranging the equation to solve fm 
concentration, results in Equation (4). 

Equation (4 ')below is the reduced version of 
Equation (4) using the standard default 
parameters. and is used to calculate the risk-basec 
PRG at a prespecified cancer risk level of 10-<>. l: 
combines the to:ucity information of a chemiwl 
with standard exposure parameters for residentr;;! 
land use to eenerate the concentration of that 
chemical that-corresponds to a 10-<> carcmogen1c 
risk level due to that chemrwL 

AGE-ADJt.:STED SOlL INGESTION fACTOR 

IF ..,.~aGJ (mg-yr/kg-day) 

Pa:ameter 

IF .,.,><J, 
BW.~I-<> 
BW.~:<n: 
ED."" 1..., 

ED."";.}; 
IR10o, .• .,.,.., 
~~ .. ~.).)] 

Defimtion 

age-adJUSted soil ingestion factor (mg-yr/\:.g-d<ly) 
average body we1ght tram ages 1-6 (kg) 
average body weight from ages 7-31 (kg) 
e:mosure durauon durmg ages J -6 (}T) 

exposure durallon dunng ages 7-3 J (yr) 
mge.suon rare of soil age l ro 6 (mg/day) 
tr.gestton rate of soli all other ages (mg.:day) 

Defaul: Value 

1 14 mg-yr/k.g--day 
15 kg 
70 kg 
6 )'T 

2~ yr 
200 r.l£..'Cav 
100 mg.:dJv 



RESIDE~Il,AL SOIL- CARCI~OGE~IC EFFECTS 

TI\ 

C (r:1g;k~; nsk
based) 

where: 

Parameters 

SF, x C x 10"" kt::mr x EF x IF,"".o,_ 
AT x 365 daysryr 

TR x AT x %S davsrve.ar 

Defmiltor: !units) 

chemtcal concemratton m soil (mg.:kg) 

(4) 

Default Value 

c 
TR 
SFC 
AT 
EF 

target exces.s mdtYJdual !Jfeume cancer nsk (unHies.s) 
orai cancer slope facwr ((mg/kg-<~ayr 1 ) 

10"" 
chemtca,.spectiic 
70 yr averagmg ume (jT) 

e:>..-posure frequency (day'Sl)T) 350 da)'S/)T 

IF ""'.o1 
age-adJUSted mgesuon factOr (mg-yr/kg-<iay) 114 mg-yT/kg-clay (see Equation (3)) 

REDUCED EQUATION: RESIDEI"o'TIAL SOIL- CARCINOGENIC EFfECfS 

Rl5k-based PRG 
(mg/kg: TR = 10-<>) 

where: 

= 

oral slope factor m (mg!kg-clayr 1 

Concentrations Based on Noncarcinogenic 
Effects. Total HI would be calculated by 
combining the appropriate oral RID ""'ith the 
intake from soil: 

Hl = lr:iake frorr. m£esrton 
R!Do 

Add1ng appropriate parameters, and then 
rearranemc the equauon to solve for 
concentration, results in Equation (5). 

Equation (5 ') is the redu~ version of 
Equation (5) using the standard default 
parameters. and is for calculating the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical ·with standard 
exposure parameters for residential land use ro 
generate the concentration of that chemical that 
corresponds to an HI of 1. 
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3.2 CO~ERCUUA~nus~ 

f...AI'.1)USE 

3.2.1 WATER 

Once ground water is determined to b:~· 

suitable for drinking. risk-based concentratio~ 

should be based on residential exposures. This IS 

because the NCP seeks to re<:Juire protection o: 
ground water to allow for its maximum beneficial 
use (see Section 2.3). Thus. under the commercial. 
industrial land-use scenario. risk-based PRGs for 
ground water are calculated according tc: 
procedures detailed in Section 3.1.1. Similarly, for 
surface water that is to be used for drinking. the 
risk-based PRGs should be calculated for 
residential populations. and not simply worker 
populations. 



RESIDE!"TIA.I! SOIL - 1'-'0NCARCINOGEr-.:JC EFFECTS 

THI == C: x 10"" kr,•m~ x EF x IF,"'L.a-

C {m~lkg: fi<;).;

based) 

where: 

Parameters 

EF 
IF .,.,.a1 

RfDc x AT x 365 oays:T 

Definition rumts l 

chemical concentration m soil ( mE/k£) 
target hazard mdex ( umtles.s) 
oral chrome reference dose (mg/kg-day) 
averaging time (yr) 

exposure frequency (daystyr) 
age-adJUSted ingestion facror ( mg-:>T/lcg-day) 

i-, i 

Default Value 

chemical-speCJfic 
30 yr (for noncamnogens. equai to ED [whict: 

is mcorporated in IF toili.aJD 

350 dayslyr 
114 mg-yr/kg-day (see Equat1on (3)) 

REDUCED EQUATION: RESIDEI''TIAL SOIL- NONCARCI!'<OGENIC EFFECT'S 

RJSk:-ba.sed PRG 
(mg,'kg; Till = !) 

wbere: 

= 

RID0 = oral chronic reference dose m mg/kg-day 

3.2.2 SOIL 

Under commercial!mdustrial land use, risk of 
the contaminant from soil is assumed to be due to 
direct ingestion, inhalation of volatiles from the 
soil, and inhalation of paniculates from the soil. 
and is calculated for an adult worker only. For 
this rype of land use, it is assumed for calculating 
default risk-based PRGs that there is greater 
potential for use of heavy equipment and related 
traffic in and around contaminated soils and thus 
greater potential for soils to be disturbed and 
produce particulate and volatile emissions than in 
most residential land-use areas. Additional 
exposure path,-ays (e.g., dermal exposure) are 
possible at some sites, while perhaps only one 
exposure pathway (e.g., direct ingestion of soil 
only) may be relevant at others; Appendix B may 
be used to identify relevant exposure pathways to 

be combined. In such cases, the risk is calculated 
by considering all the relevant exposure pathways 
identified in the Rl. 
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ln the default case illustrated below. intakes 
from the three exposure path,-ays are combineD 
and the risk-based PRG is derived to be protecme 
for exposures from all three pathways. In this w.se. 
the risk for a specific chemical from soil due to the 

three exposure pathways would be calculatee 2: 

follows: 

Total risk: 
from soil 

== RISk: from tngestton of soil (Y.'OrK::;, 

+ Risk. from inhalauon of volaules t;-c;~ 
soLI (worK.er) 

+ Rlslc from mh.a!atior. of p<Jrtlcula:es 
from soil (woricer) 

It is possible to consider only exposure pathwa:'S or 
site-specific importance by deriving a site-specif:c 
risk-based PRG (e.g., using the equation5 ... 
Appendix B). 



Concentrations Based on Carcin~enic EfTecrs. 

Total risk ior carcmogemc effects v.;.ould be 
calculated by comhtnmg the appropnate mhalatJon 
and oral SFs with the three intakes from soil: 

Tma~ nsk SFc x Intake from m~estlon of s.oil 
(worker) 

'1. 

+ SF, x Intake from 1nhalat1on of 
volatiles frorr, s.oil (worker) 

+ SF x Intake from inhalation of 
particulates (worKer) 

Adding appropriate parameters. and then 
rearranging the equation to solve for 
concentration. results in Equation (6). As 

discussed in more detail in Section 3.3.1, Equation 
(6a) is used to test the results of Equation (6). 

Equation (6 ·) is the reduced version of 
Equation (6) using the standard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of 10-<>. It 
combines the toxicitv information of a chemical 
with standard exposure parameters for 
commerciaUindustrial land use w generate the 
concentration of that chemical that corresoond.s to 

a 10-6 carcinogenic risk level due to that ~hemical. 

Concentrations Based on !'ioncarcinogenic 
Effeas. Total HI would be calculated by 
combining the appropriate oral and inhalation 
RIDs with the three intakes from soil: 

HI = Intake from in!!es!Jon 
RfDO 

(Intake from mhalation of volaules 
+ and particulates} 

RID, 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (7). 

Equation (7') is the reduced version of 
Equation (7) using the st2ndard default 
parameters, and is used to calculate the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical with standard 
exposure parameters for commercial/industrial land 
use to generate the concentration of that chemical 
that corresponds to an HI of 1. 
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3.3 

3..3.1 

VOL\ TILIZA TIO:'\ A!\"D 
PARTICL:LATE E1\1ISSIO:'\ 
FACTORS 

SOIL-TO-AIR \'OU.TIUZATIO:" 
FACfOR 

The volatilization iactor (VFJ is used for 
defining the relauonship between the 
concentration of contammant.s in soil and the 
volatilized contaminants in a1r. This relationship 
was established as a part oi the Hwang and Falco 
(1986) model developed by EPA's Exposure 
Assessment Group (EAG). Hwang and Falco 
present a method intended primarily to estimate 
the permissible residual levels associated with the 
cleanup of contaminated soils. This method has 
been used by EPA in estimating exposures to PCBs 
and 2,3,i,8-TCDD from contaminated soil (EPA 
1986; EPA 1988a). One of rhe pathways 
considered in this method is tr intake by 
inhalation of volatilized contaminants. 

The basic principle of the Hwang and Falco 
model is applicable only if the soil contaminant 
concentration is at or below saturation. Saturation 
is the soil contaminant concentration at which the 
adsorptive limits of the soil particles and the 

solubility limits of the available soil moisture have 
been reached. Above saturation. pure liquid-phase 
contaminant is present in the soil. Under such 
conditions, the partial pressure of the pure 
contaminant and the partial pressure of air in the 
interstitial soil pore spaces cannot be calculatee 
.,.,.ithout first knowing the mole fraction of the 
contaminant in the soil. Therefore. above 

saturation, the PRG cannot be accuratelv 
calculated based on volatilization. Beouse of this 
limitation, the chemical concentration in soil (Ci 

calculated using the VF must be compared \\ith 
the soil saturation concentration (C~1 ) calculaled 
using Equation (6a) or (7a). If C is greater than 

C 301 1' then the PRG is set equal to C~r· 

The VF presented in this section assumes that 
the contaminant concentration in the soil is 
homogeneous from the soil surface to the depth of 
concern and that the contaminated material is not 
covered by contaminant-free soil material. For the 
purpose of calculating VF, depth of concern is 
defined as the depth at which a near impenetrable 
layer or the permanent ground-water level is 

reached. 



CO\I\tERCIAL1~11USTRLo\L SOIL- CARCI~OGE~IC EfFECTS 

TR = SL x C x 10~ K" 1m~ x EF x ED x rR. ..,.. SFxCxEFxEDxfR ,xrJ.'\T- :T'EF, 
BW X AT X '6'i C:JVS'\'7 E W x AT x ?-05 days.-yr 

C (mg,'kg: nsk- = TR X B w X AT X 1,6) dCl\'S>\'T 

based) 

where: 

Para mere:;; 

c 
TR 
SF, 
SFO 
BW 
AT 
EF 
ED 
IR..,., 
I~ 
VF 
PEF 

Defin1t10r. !un1tsl 

chemical concemrauon m soil (mg.r'Kg) 
target excess mdl\1dual lifetime cancer nsk (umtless) 
mhalation cancer slope factor ((mg,lkg-day)" 1

) 

oral cancer slope factor ((mg./kg-day);) 
adult body weight (kg) 
averaging ume (!T) 
expasure frequency (days/}T) 
exposure durauon (jT) 
SOil mgesuon rate ( mg!day) 
workday mhalation rate (mj/day) 
soil-to-air volatilizauon factor (m3/lcg) 
particulate emission factor( m3/i::g) 

Cl&l ::: (~X S X r:..,) + (S X 8.,) 

where: 

Paramete:;; Definition !umts) 

soil saturauon concentration (mg/kg) 
soil-v.-ater panition coefficient (LA: g) 
organic carbon partition coefficient (Ukg) 
organic carbon content of so1l (fracuon) 
solubility (mg!L-water) 
soil moiSture content, expressed a..s a we1ght fraction 
soil moiSture content. expressed as L-v.-ater!lcg-soil 

Default Value 

!0"" 
chemlcal-spectfic 
chem1cal-speafic 
70 tg 
70 yr 
250 daj'S/}'T 

Z.Syr 
50 mg./day 
2D m;/day 
che!Illcal-speafic (see Secuor: 3.3.1) 
4.63 x 109 m3/x:g (see SectJor. 3.3.::) 

Default Value 

chernical-s~c. o~ K,., x OC 
chernical-speclfic 
site-speclfic, or 0.02 
cbemical-specific 
site-specific 
site-speafic 

REDUCED EQUATION: COMMERCIAL'l~DUSTRIAL SOIL- CARCI~OGE..NIC EITECTS 

Rlsk-based PRG = 2.9 X 10 ... 
(mg/tg; TR = 10-') [((5 X 10'1) X SFO) + (SF X ((20:'VFJ + (4.3 X 10"")))] 

where: 

= oral slope factor in (mg/lcg-day)" 1 

inhalation slope factor in (mg/lcg-dayr 1 

chernJcal-specific soil-to-a1r volatilizauon factor in m 3/kg (see Semon 3.3.1} 

'631 \ ' 

If PRG > C&aL, then 5e{ PRG = c_ (where cl&t ::: soil saturatiOn concentratiOn (rng;kg); see EquatiOn ( 6a I 
and Section 3.3.1 ). 



TI-ll 

C (mg/k;: = 
:~sk -based) 

where: 

Parameters 

c 
T~J 

R!""8a 
Rill, 
EW 
AT 

EF 
ED 
JR..,.; 

IR." 
VF 
PEF 

COMMERCIAL'l~Dl'STRIAL SOIL - ;-.;O'lCARCI'lOGE'liC EFFECTS 
I 

c X 10"" KC/r:l!: X EF X ED\ IR.-,,L. -
RfD x BW x AT x 365 davstvr 0 • • 

C'.EFxEDx!R,x:;'\~- :P~'=::C 

RfD, x B W x AT x ?>65 cavs.-:-T 

THI x BW x AT x 3b5 davs.'\T 

Defimuon 1 ur.ns 1 

chemlc<JI concenrrauor: m SOli (mg/kg) 
target hazard mdex r un1tles.s) 
oral chrome reference dose (mg/kg-day) 
mhalatior. chrome reterence dose (mg/kg-<lay) 
adult body wetght (kg) 
averagmg time ()T) 

exposure frequency ( days:yT) 
exrx>sure durattor. (y:-·~ 

soil ingestion rate (mf_:day) 
workdav mhalauon r~te (rr.';dav) 
sotl-to-~tr volatilization factor (~3/kg) 
paniculate emiSSion factor (m 3/kg) 

Default Value 

chemtcal-spec1:1c 
chemical-specific 
70 kg 
25 yr (alv.-ays equa; to ED) 
250 days,yr 
25vr 
50 mg./d<~y 
20m3/day 
chemical-specific (see Secuor: :; ::.; '1 

4.63 x 10" m3,'kg (see Sewon 3.3.2'1 

C .. , = (~ X S X fl,) + (S X 8"') 

where: 

Parameters 

s 

Definition runns1 

soil saturation concentration (mg!kg) 
sotl-'W'ater p<lrtllion coefficien: (L'kg) 
orgamc carbon parution coeffictent (Ukg) 
organic carbon content of sot! (fracuon) 
solubiliry (mg,/1..-v.-ater) 
soil moisture content, e>.-pressee as a we1ght fractton 
soil moLSture content, e>.-pressed as L-v.-ater/kg-soil 

Default Value 

chemical-speC1fic. or ~ x OC 
chemica 1-spect fie 
site-specific, or 0.02 
chemica:-spectfic 
sHe-specific 
sne-spectfic 

REDUCED EQUATION: COMMERCIAL'INDL'STRIAL SOIL- NO~CARCINOGENIC EFfECTS 

RLSk-ba.>ed 
PRG (mg.'kg; 

Trll =- 1) 

where: 

R"' ,.__.,0 

R!D, 
VF 

102 
[(5 X 10'/RfD0 ) + ((1/RfD,) X ((20/VFJ + (43 X 10"))); 

oral chrome reference dase m mg/kg-<lay 
inhalauon chronic reference dose in mg/kg-day 
chemtcai-specific soti-to-air volatilizauon factor in m 3,'kg (s.ee Sec:1o:-. :: 3.1) 

1. i) 

(-;'I 

If PRG > c .. , then set PRG = C..,, (where C,., = soil s.aturauon concentration (mg/kg); see ~t:atlon (Ia', ana 
Section 3.3.1 ). 
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A chemical-specific value for VF is used 1n the 
standard defaul: equations (Equations '6). 16- 1. 

ii), and r-:·-, in Secl!on 3.::.::) and i~ developed In 
Egual!on (8). -:-he \ 'F value calculated usmg 
Egual!on (S) has been developed for specific use In 
the other equations tn this guidance: it may not be 

applicable in other technical contextS. Equallon 
(8) lists the standard default parameters for 

calculating VF If site-specific information 1s 
available. Equation (8) may be modified to 
wlculate a \'f that is more appropriate for the 
particular sne. Supporting references should be 
consulted when substituting site-specific data to 
ensure that the model and specific parameters can 
be appropnately applied to the g1ven site. 

3.3.::! PARTICULATE EMISSIO:\ FACTOR 

The particulate emiSSion factor ( PEF 1 rel:Jte5 
the contaminant wncentrallon tn soil With the 
concentration oi respirable particles (PM 10 ) in the 
a1r due to fugnive dust emissions from surface 
contamination sites. This relationship JS der1ve.C 
by Cowherd (1985) for a rapid assessment 
procedure applicable to a typical hazardous waste 
site where the surface contaminallon provide~ a 

relatively continuous and constant potential for 
emission over an extended period of time r e e . 
years). The particulate emissions fro~ 
contaminated sites are due to wmd erosion a:-td. 
therefore. depend on the erodibiliry of the surbcc 

SOIL-TO-AIR VOLATILIZATIOI' FACTOR 

\T (m','kg) 

where: 

a (c:-rns) 

I LS X v X DH\ 
A 

rD X El 
E + (p,)( 1-E):'K., 

~ 
' I 

Standard defaul~ parar.1e:e:- values that can be u5ed to reduce Equauon (8) are listed be!O\l>_ Tr.ese represent "typ1c:a:· 

values as 1denllf1ed 1r; a number of sources_ For example. when sac-specific values are not available_ the le:1gth o: :; 

s1de of the conrammatec are<J (LS) IS assumed to be 45 m; thiS IS based on a contammated area o:· 0.~ Jere wn~e~ 

approxm1ates the s1ze of a:1 average res1denuallot. The "1)-plcal" values LS, DH, and V are from EPA !986. 'lyp1cal" 

values for E. OC and p, are from EPA !984. EPA J988b, and EPA !988f. Sne-spec1tlc data should be subsll:utcc 

fo~ ttle default values listed belov• wherever pos.s1ble. Standard values for chemical-speqfic D,, H. and Kx c:m r.c 
obtamed bv e<~llmg the Superfund Health Risk Techmcal Support Center. 

Parame1er 

\'f 
LS 
\' 

DH 
A 

D .. 
E 
K. 

Delimuon !units) 

volariltz.atton factor ( rr.1/kg) 
length of s1de of contammated area (m) 
wmd speec tn ml).1ng zone (m.'s) 

diffUSIOn he1gh1 (m) 
:1re<1 o: contammauon 1 C:Ti: :. 

eftecttve d1tfus1>1ty (cm~,'S) 
true sod porosll)' (unnless) 
so1l/a1r par!illon coetiiaenr (g SOII/cm 3 a1r) 

true so1l densuy or pamculate density (g.tcm3) 

exposure mterval (s) 
molecular d1ffus1V1ty (cm::s) 
Henry's law constant (atm-m0;mol) 
SOil-water partlllon coefficient ( cm3/g) 
orgamc carbon p:~ruuon coefficient (cm3/g) 
org<m1c carbon contenl of SOil (fracllon) 
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:2.25 m.'S 
:2m 
20.250,000 C<T.: 

D, X ELLJJ 
0.35 
(H~) x 41, where 41 IS a un1t> 

convers1on factor 
::.65 g.tcm 3 

7.9x lcfs 
chemtC31-speclflc 
chem1cal-spec1fic 
chemical-spec1f1c, o:- Koc x OC 
chemical-specific 
sae-sperific. or 0.0: 



material. The ~uation presentee below. Equauon 
(9), IS representauve of a surface with "4nlimited 
erosion potentia!." which is characterized Dy bare 
surfaces of finely divided matenal such a< sandy 
agricultural soil with a large number ("unlimited 
reservoir") of erodible particles. Such surfaces 
erode at low wind speeds. and particulate emissJOn 
rates are relatively rime-independenr at a given 
~"ind speed. 

This model was selected for use in 
RAGS/H.HEM Pan B because it represents a 
conservative estimate for intake of paniculates; it 
is used to derive Equations (6) and (7) in Section 
3.2.2. 

Using the default parameter values given 1n 

the box for Equation (9). the default PEF i~ eouJ! 
9 ' . 

ro 4.63 x 10 m"'/kg. The default values necess;m 
to calculate the !lux rare for an "unlimited 
reserv01r" surface (i.e .. G. Urn. l'1• and FiX)} are 
prm-ided by Cowherd (1985). and the n:maining 
defaul! values (i.e., for LS, V, and DH) are 
"typical" values (EPA 1986 ). If site-specific 
information is available, E~ uatior. (9) may be 
modified 10 calculate a ?EF that is more 
appropriate for the particular sue. Again. the 
original reference should be consulted when 
substituting sue-specific data 
applicability of the model to 
conditions. 

to ensure 
specific s1te 

PARTICULATE EMISSIO:"II fACfOR 

PEF (m'/Kg) LS x V x DH x <.600 s/h; 
A 

where: 

Parameter 

PEF 
LS 

Defimtion (units! 

particulate emission factor (m3/kg) 
Wldtt: of contaminated area (m) 
-wine speed in mixing zone (m/s) 
diffusion height (m) 
area of contamination (m 2) 

respirable fraction (g.tm2-hr) 

v 
DH 
A 
0.036 
G 
u, 
u 

fraction of vegetative cover (unitless) 
mean annual vo10d speed (rn/s) 
equivalent threshold value of 'Mnd speed 

at 10 m (m/s) 
f(x) function dependent on um'rul (unttless) 

3.4 CALCVL<\.TIOJ\ A:"\D 
PRESE~TATION OF RISK
BASED PRGs 

The equ.atioriS presented in this chapter can be 
used w calculate risk-based PRGs for both 
carcinogenic and noncarcinogenic effects. If botr. 
a carcinogenic and a noncarcinoeenic risk-basec 
PRG are calculated for a particular chemical. then 
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X 

0.036 X (!-G) X (li..,·'l:/;.; f(x; 

4.63 x 109 mJ/kg 
45 m 
2.25 rnJs 
2m 
202.5 rn'-
0.036 g/I'D:-hr 
0 
4.5 mJs 
12.8 lil/S 

0.0497 (determmed usmg O:N.·herc l9S5) 

the lower ·of the two \'alues is considered the 
appropriate risk-based PRG for anv £1ven 
cont.aminanL The case-study box below illustrates 
a calculation of a risk-based PRG. .-'\. summa!'\' 
table -such as that in the final case-study box -
should be developed to present both the risk-based 
PRGs and the ARAR-based PRGs. The table 
should be labeled as to whether 1t presents the 
concentratioriS that were developed during scopin~ 
or after the baseline risk 35sessment. 



CAS£ STUDY: CALCl"LAT£ RISK-BASED PRG.s' 

Rtsk-Dasec PRGs to; ~;our.c water to: 1wphorone. one ot the chemt~ls aete~:cc tn g:ounc-w3te; r:;u!lilD!"tn~ 
v.elis at tr.e s1:e. Jre ~Lculatec b<:tov.. lnl113: nsk-based PRcr.. for IS:.Jphorone (wrcmogen1c ar.c noncarcl!l~::cenJ~ 
effects) are cem·ec uSII'i_!: EquJt1ons 1 l ·)and (:.: ·) 1n Sewor. 3. J. 1. EquatiOns ( 1 · i 3nd I:::·) cor;;ome t!le tD:>.ICJIY 
1ntormauon of the cner;;1cal (oral RtTI of o.::: mg:'kg-<Jay and ora: SF of 0.0039!mg'kg-<Jal'j 1

• :r:r.a1ar:or: \'Jiues Jrc 
no: a\aJiabie and. the:etore. oniv the orJi exoosure route 1S cons1deredl wlih standard cxpcsure para:11e:ers l~1c 

wlculated concen::auor.s 1:-: mg..l. cor:-esoond to a tJrget nsk of 10"' and a targe: HQ of l. ;.,s foiiO\l.'S 

Drcmogemc 
nsk-based PRG 

1 - X 1(1·• 

::.;sFol 

:.:x10• 
210.00~Q: 

0 o:.::.: mg.L 

!\ onc:-~rcmogemc 
nsk-basec PRG 

== 
::'0.:.: 

7.3 mg.·l. 

The lower of the two values (1.e .. 0.022 mg;l.) ts selected as the atJpropnate nsk-bJsed PRG. R.:sk-base.d PR.G~ a:c 
calculated Similarly for the Other chemtcals of concern. 

• />JI mformauon m thts example 1s :or tllustrauon purposes onll' 

CASE STUDY: PRESE~T PRGs DEVELOPED DURI!"'G SCOPlNG• 

Sae: XYZ Cc. Llnd Use: Re.s1dent1al 
Locatton: Anyrown. Anystare 

Ground Water 
Exposure Routes: Water lr.gesuon. !:lhalar,on o: 

Med1um: Valat1les 

I 
I 

Chem1cal 

Benzene 

Carbon Tetrachlonde 

Ethvlbenz.ene 

Hexane 

l..sophorone 

Tnallate 

1.1 ,2-Tnchloroethane 

Vmyl chlonde 

R1sk:-based PRGs 
rmg/L)· 

10"" HQ = l 

0.3:1 

0.47 

Ali mformauon in this example IS for 1llustra11on purposes only. 

ARAR -based P R G 

Type 

MCL 

\1CL 

MCLG 
.'>1CL 

MCLG 
MCL 

MCL 

Concentrauon ( mg;l.) 

0.005 

0.005 

0.7 

0.003""" 
0.005 

0.002 

These cancentrauons were C<Jiculated usmg the standard default equauor.s 1n Cr,apter :;. 

I 

li 
i 

Of the rwo potenual nsk-based PRGs for th\.S chemtcal. this concentration IS the selected rsk-based PRG. 
Of the two potentia! ARAR-based PRGs for thiS chemical. th\.S concenrrauor. IS selected as the .'\RAR· 

based PRG. 

. :.; 1-



CHAPTER 4 

RISK-BASED PRGs FOR 
RADIOACTIVE CONTAMINANTS 

This chapter presenLS standardized exposure 
parameters, derivations of risk equations, and 
"reduced" equations for calculating risk-based 
PRGs for radioactive contaminanLS for the 
pathv."ays and land-use scenarios discussed in 
Chapter 2. In addition, a radiation site case study 
is provided at the end of the chapter to illustrate 
(1) how exposure pathways and radionuclides of 
potential concern (including radioactive decay 
produCLS) are identified. (2) how initial risk-based 
PRGs for radionuclides are calculated using 
reduced equations based on information available 
at the scoping phase, and (3) how risk-based PRGs 
can be re-<:alculated using full risk equations and 
site-specific data obtained during the baseline risk 
assessment. Chapters 1 through 3 and Appendices 
A and B provide the basis for many of the 
assumptions, equations, and parameters used in 
this chapter, and therefore should be reviewed 
before proceeding further into Chapter 4. Also, 
Chapter 10 in RAGS!HHEM Pan A should be 
consulted for additional guidance on conducting 
baseline risk assessmenLS at sites contaminated 
with radioactive substances. 

In general, standardized default exposure 
equations and parameters used to calculate risk
based PRGs for radionuclides are similar in 
structure and function to those equations and 
parameters developed in Chapter 3 for 
nonradioactive chemical carcinogens. Both rypes 
of risk equations: 

• Calculate risk-based PRGs for each carcinogen 
corresponding to a pre-specified target cancer 
risk level of 10~. As mentioned in Section 
2-8, target risk levels may be modified after the 
baseline risk assessment based on site-specific 
exposure conditions, technical limitations, or 
other uncertainties, as well as on the nine 
remedy selection criteria specified in the NCP. 

• Use standardized default exposure parameters 
consistent with OSWER Directive 9235.6-03 
(EPA 199lb). Where default parameters are 
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not available in that guidance document. other 
appropriate reference values are t:see and 
cited. 

• Incorporate pathway-specific default exposure 
factors that generally reflect RME conditions. 

There are, however, several important ar~s m 
which risk-based PRG equations and assumpt1ons 
for radioactive contaminanLS differ substanually 
from those used for chemical contaminanLS. 
Specifically, unlike chemical equauons, risk 
equations for radionuclides: 

• Accept input quantities in uniLS of activit\ 
(e.g .. picocuries (pCi)) rather than in units of 
mass (e.g., milligrams (mg)). Activity uniLS arc 
more appropriate for radioactive substances 
because concentrations of radionuclides in 
sample media are determined by d:rect 
physical measuremenLS of the activity of each 
nuclide present, and because adverse human 
health effects due to radionuclide intake or 
exposure are directly related to the amount. 
type, and energy of the radiation deposited 1r. 
specific body tissues and organs. 

• Consider the carcinogenic effects ,,: 
radionuclides only. EPA designates a~· 

radionuclides as Class A carcinogens b3..S~ on 
their property of emitting ionizing rad1a tior. 
and on the extensive weight of epidemioioglwi 
evidence of radiation-induced cancer 1r. 
humans. At most CERCLA radiation sHes. 
potential health risks are usually based on the 
radiotoxiciry, rather than the chemical toxicity. 
of each radionuclide present. 

• Use cancer slope factors that are bes: 
estimates (i.e., median or 50th percen lllc 
'."alues) of the age-averaged, lifetime excess 
total cancer risk per unit intake of 2 

radionuclide (e.g., per pCi inhaled or ingested\ 
or per unit external radiation exposure (c.:;; .. 
per microRoentgen) to gamma-erl'littin~ 



radJOnuclides. Slope factors given In IRIS and 
HEAST have been calculated for indtvJdual 
raotonucl!des based on their unique chemical. 
metaholic, and radiological properties and 
usmg a non-threshold, linear dose-response 
model. This model accounts for the amount 
of each radionuclide absorbed into the body 
from the gastrointestinal tract (by ingestion) 
or through the lungs (by inhalation), the 
distribution and retention of each radionucltde 
in body tissues and organs, as well as the age, 
sex. and weight of an individual at the time of 
exposure. The model then averages the risk 
over the lifetime of that exposed individual 
(i.e., 70 years). Consequently, radionuclide 
slope factors are not expressed as a function of 
body weight or time, and do not require 
corrections for gastrointestinal absorption or 
lung transfer efficiencies. 

Risk-based PRG equations for radionuclides 
presented in the following sections of this chapter 
are derived initially by determining the total risk 
posed by each radioactive contaminant in a given 
pathv,ray. and then by rearranging the pathway 
equation to solve for an activity concentration set 
equal to a target cancer risk level of 10~. At the 
scoping phase. these equations are "reduced"- and 
risk-based PRGs are calculated for each 
radionuclide of concern - usin& standardized 
exposure assumptions for each exposure route 
within each pathway and land-use combination. 
After the baseline risk assessment, PRGs c.::m be 
recalculated using full risk equations and site
specific exposure information obtained durin£ the 
RI. -

4.1 

4.1.1 

RESIDENTL<\L I.A_ND L'SE 

GROUN"D WATER OR SURFACE 
WATER 

Under the residential land-use scenario. risk 
fl om ground-water or surface water radioactive 
contaminants is assumed to be due primarily to 
direct ingestion and inhalation of volatile 
radionuclides released from the wate~ to indoor 
air. However, because additional exposure routes 
(e.g., external radiation exposure due to 
immersion) are possible at some sites for some 
radionuclides, while only one exposure route mav 
be relevant at others. the risk assessor alwa.,.; 
should consider all relevant exposure routes a~d 
add or modify exposure routes _as appropriate. 
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ln the case illustrated below. nsks from the 
two default cxpJsure routes are comb1neC. a~ 

follows: 

T uta I n.sk = RLSk. from mgesllcr. o:· rac:or...:c::d::s 
from v.-arer 1r. v.-a1er ( adu II) 

+ Risk from mdoor mhalauon of volatile 
radJonuclJde.s reie3s.ed from water 
(adult) 

At the scoping phase, risk from indoor 
inhalation of volatile radionuclides is assumed ro 
be relevant only fl1 r radionuclides with a Henr'>·s 
Law constant of greater than 1 X 10·5 atm-m3/m~Je 
and a molecular weight of Jess than 200 g/mole. 
However, radionuclides that do not meet these 
criteria also may. under certain site-specific water
use conditions. be volatilized into the air from 
water, and thus pose significant site risks (and 
require risk-based goals). Therefore. the ulumate 
decision regarding which contaminants should be 
considered must be made by the risk assessor on a 
site-specific basis follo'>~-'ing completion of the 
baseline risk assessmenL 

Total carcinogenic risk is calculated for each 
radionuclide separately by combining its 
appropriate oral and inhalation SFs '>~-ith the rwo 
exposure pathways for water, as follo..,..'S: 

Total rLSk = SFo x J:nak.e from mges!lon of 
of radtonucltde.s 

+ SF, x Intake from inhalation of 
volal!le radJonuchde.s 

By including appropriate exposure parameters for 
each type of intake. rearranging and combining 
exposure terms in the total risk eouation. ana 
setting the target cancer risk level e~uai to 10-<> 
the ~k-based PRG equation is deriv~ as shov.~ 
in Equation (10). 

Equation (10'), presented in the next box.. is 
the reduced version of Equation ( 10) based on the 
standard default values listed below. lr is used to 

calculate risk-based PRGs for radionuclides m 
water at a pre-specified cancer risk level of w-<> bv 
combining each radionuclide's toxicit\' data with 
the standard default values for residential land-use 
exposure paramerers. 

After the baseline risk assessment. the risk 
assessor may choose to modify one or more of the 
exposure parameter default "-alues or assumptions 



RADIOI"llCLIDE PRGs: RESIDEI"TIAL WATER- CARC\1'-iOGEI"IC EFFECTS 

Tcta: mk [SFO X R w X JR. X EF X ED] + [SF, X R w X 1-: X IR, X EF X ED] 

TR llli R W (pCI:'L; 
riSk-based) EF X ED X [(SFO X IR.) ..,.. (Sf, X K X IR.)] 

where: 

Parameters Defimuon (units) Default Value 

rad1onucilde PRG m water (pCi/L) RW 

TR 
SF, 
SFO 
EF 
ED 
IR. 

target excess mdivldual hfeume cancer mk (umtles.s) 
mhalauon slope factor (nslc/pCi) 

10"" 
radJonucilde -s;xc1 :lc 
radJonucl1de-spec1 fie 
350 daysryr 

I~ 
K 

oral (ingesuon) slope factor (nsklpCi) 
e~ure frequency (daystyr) 
exposure duratiOn (yr) 
daily indoor mbalation rate (m}/day) 
daily water ingestion rate (Uday) 
vo!ati!l.Z3tion factor (umtl~) 

30 yr 
JS m3:day 
2 Uday 
0.0005 x 1000 Lrr:' (.'\.'1de~::1an 1990) 

REDUCED EQUATION FOR RADIONUCUDE PRGs: 
RESIDEl''TlAL WATER- CARCINOGENIC EFFECTS 

RISk-based PRG = 9.5 x 10· 11 

(pC11'L TR = 10"") 

where: 

Sf0 

SF, 
= oral (ingestion) slope factor (ris(JpCi) 
= inha!auon slope factor (nslcJpCi) 

in the risk ~uations to reflect site-specific 
conditions. In this event, radionuclide PRGs 
should be calculated using Equation (10) instead of 
Equation (10'). 

4.1.2 SOIL 

Under residential land-use conditions. risk 
from radionuclides in soil is assumed to be due to 
direct ingestion and external exposure to gamma 
radiation. Soil ingestion rates differ for children 
and adults, therefore age-adjusted ingestion rate 
factors are used in the soil pathway ~uation. 
Calculation of the risk from the external radiation 
exposure route assumes that any gamma-emiuing 
radionuclide in soil is uniformly distributed in that 
soil within a finite soil depth and density, and 
dispersed in an infinite plane geometry. 
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The calculation of external radtation exposure 
risk also includes two additional factors. the 
gamma shielding factor (Sc) and the gamm2 
exposure time factor (Tc), wh1ch can be adjusted t~·· 

account for both anenuation of radiation fields due 
to shielding (e.g.. t>y structures. terram. c·~ 

engineered barriers) and for exposure 11mes of less 
than 24-hours per day, respectively. s~ is expresseD 
as a fractional value between 0 and l. delmeaung 
the possible risk reDuction range from Oo/c to 

100%, respectively. due to shieldtng. The defauli 
value of 0.2 for Sc for both residential and 
commercial/industrial land-use scenanos reflects 
the initial conservative assumption of a 20S 
reduction in external exposure due ro shieldtng 
from structures (see EPA 1981 ). T ~ is expressed as 
the quotient of the daily number of hours ar. 
individual is exposeD directly w an external 
radiation field divideD by the total number u;· 
exposure hours assumeD each day for a gtven \and-



use scenario (i.e .. 24 hours for residential and 8 
hours for commercialiindustnal). Thr; default 
value oi 1 for Te io~ both land-use scenanos 
reflecrs the conservauve assumptions of a 2~-hr 

exposure duration for res1d:.:nual populauons (i.e .. 

24,-:;..: = 1! and an S-hr exposure durauon for 
workers (i.e .. 8/8 = 1 ). Values for both factors GJn 
(and, if appropriate. should) be modified by the 
mk assessor based on site-specific conditions. 

In addition to direct ingestion of soil 
contaminated with radionuclides and exposure tO 

eXIernal radiation from gamma-emnting 
rad1onuclides in soil, other soil exposure routes are 
possible, such as inhalation of resuspended 
radioactive panicles, inhalation of volatile 
radionuclides. or ingestion of foodcrops 
contaminated by root or leaf uptake. The risk 
assessor should therefore identify aU rei evan 1 

exposure routes \l.ithin the soil pathway and. if 
necessary. develop equations for risk-based PRGs 
that combine these exposure routes. 

In the case illustrated below, the risk-based 
PRG is derived to be protective for exposure from 
the direct ingestion and external radiation routes. 
Total risk from soil due to ingestion and external 
radiation is calculated as follows: 

Total ri.sk 
from sail 

= Risk from direct ingestion of radio
nuclides in SOil (child to adult) 

+ Risk from external rad~alion from 
gamma-emmmg rad1onuchdes in SOl! 

Total risk for carcinogenic effects from each 
radionuclide of potential concern i.s calculate{J by 
combining the appropriate oral slope factor, SF 

0
, 

\l.ith the total radionuclide intake from soil. plus 
the appropriate external radiation slope factor, 
SFe, \l.ith the radioacti¥iry concentration in soil: 

Total risk = SF o x Intake from direct ingesuon 
of soil 

+ Sf< X Concentration Of gamma
emitting radionuclides m soil 

Adding appropriate parameters, then combining 
and rearranging the equation to solve for 
concentration. results in Equation (11). 

Equation (11') i.s the reduced version of 
Equation (11) based on the standard default values 
li.stee below. Risk-based PRGs for radionucl!des 

in soil are calculated for a pre-specified cancer risk 
teVei Of w·O. 

The age-adJUSted ~oil mgesuon factor 
r!F !'>Oil,ad

1
J used ln Equation ( 11) takes 1n to accoun 1 

the difference 1n soil ingesuon for two exposure 
groups- children of one to six years and all other 

Individuals from seven to 31 years. IF soil!adJ is 
calculated for radioacuve contammants as shown in 
Equation (12). Section 3.1.2 provides additional 
discussiOn on the age-adjusted soil ingestion factor. 

lf any parameter values or exposure 
assumptions are adJUSted after the baseline risk 
assessment to reflect sire-specific conditions, soil 
PRGs should be calculated using Equation (11 ). 

4.2 COMMERCL\L/INDUSTRIAL 
~'DUSE 

4.2.1 WATER 

Under the commerciaUindustrial land use 
scenario, risk-based PRGs for radionuclides in 
ground water (and for radionuclides in surface 
water used for drinking water purposes) are based 
on residential exposures and calculated according 
to the procedures detailed in Section 4.1.1 (see 
Section 3.2.1 for the rationale for this approach). 
Ri.sk-based PRG5 should be calculated considering 
the possibility that both the worker and general 
population at large may be exposed to the same 
contarninatM water supply. 

4.2.2 SOIL 

Under the commercialhndusmal land use 

scenario, four soil exposure routes - direc 
ingestion, inhalauon of volatile radionnciide:: 
inhalation of resuspended radioactive particulates. 
and external exposure due to gamma-emi.tun~ 

radionucli.des - are combined to calculate risk· 
based radionuclide PRGs in soil for adult worker 
exposures. Additional exposure routes (e.g .. 
ingestion of ~oodcrops contaminated bv 
radionuclide uptake) are possible at some sites. 
while only one exposure route (e.g., external 
radiation exposure only) may be relevant at others 
The risk assessor should therefore consider and 
combine all relevant soil exposure routes. as 
necessary and appropriate, based on site-snec1fic 

conditions. 



Total n.sk = 

RS (pCt'g; = 
nsk-based) 

where: 

Parameters 

RS 
TR 
SFO 
SF, 
EF 
ED 

IF soovodJ 

D 
SD 
s, 
T, 

RADIOI'UCUDE PRGs: 'RESIDE~TIAL SOIL- CARCINOGENIC EFFECTS 

m 

Defim11on (umts) 

radtonuclide PRG in soil (pCt/g) 
target excess indt.,idual ltfeume cancer nsk (unnless) 
oral (ingesuon) slope factor (mkJpCt) 
external exposure slope factor (rtSk/yr per pCt/m1

) 

exposure frequency (days,yr) 
exposure durauon (yr) 
age-adJusted soil mgestion factor (mg-)T/d.ay) 
depth of radionuchdes m sotl (m) 
sotl density (kglm3) 

gamma shielding factor (unJtless) 
gamma exposure time factor (unttless) 

Defaulr \ialue 

10"' 
radtonuciJde-spectfic 
radtonuchde-specfic 
350 days.II,T 
30 ~T 
3600 rr:g-yr/day (see Eqt.:atJoo ( 1~)) 
0.1 m 
1.43 X Jo-J kg,irr:3 

0.2 (see Secuon 4.1.2) 

1 (see Se:uon 4.1.2) 

REDUCED EQUATION FOR RADIONUCUDE PRGs: 
RESIDENTIAL SOIL- CARCINOGENIC EFFECTS 

'. '\ 
\.• J' 

Risk-based PRG 
(pCi/g; TR = 10"1 

= J X 10"' (il') 

13 X IIi (Sf0 ) + 3.4 X 10" (Sf,) 

where: 

= oral (ingestion) slope factor (riskipCi) 
= external exposure slope factor (nslc!yr per pCi/m1) 

AGE-ADJUSTED SOIL INGESTION FACTOR 

IF IIO<IIodt (mg-yr/day) = 

where: 

Parameters 

IF ooollodj 

IR..,.v,~~" t-<> 

IR.a.v,~~" 7-Jt 

ED,,. 1.., 

ED,~ 7-Jt 

Definition rumts) 

age-adjusted soil ingestion factor (mg-yr/day) 
mgestion rate of soil ages 1-6 (mg/day) 
ingestion rate of soil ages 7-31 (mg!day) 
exposure duration during ages 1-6 (yr) 
exposure duration during ages 7-31 (yr) 
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Default Value 

3600 mg-)T/day 
200 mg;day 
100 mordav C" • 

6 yr 
24yr 



ln the c.:Jse illustrated helow. total risk from 
rad1onuclldes in soil is CJlculated as the summation 
oi the Individua: riSks from each of the four 
exrosure routes listed above: 

Tow: mk. 
from smi 

= R1sk. from d1rect mges110n o! radio
nuclides m soil (worker) 

+ 

R1sK from mhalauon of votaule 
radionuclldes (worlce:-) 

R1sK r~om mhalauon o:· resuspended 
radJoactlve par!lculates (worker) 

Risk from eX1ernal rad:auon from 
garnma-emitung radlonuclldes (""Drker) 

Total risk for carcinogenic effects for each 
radionuclide is calculated by combining the 
appropriate ingestion. inhalation. and external 
exposure SF values with relevant exposure 
parameters for each of the four soil exposure 
routes as follO\\'S: 

Total 
nsk: 

= Sfo X Intake from direct ingestion or 
radionuclides in soil (worker) 

+ Sf, x Intake from inhalation of 
volatile rad1onuc:iides ('W'Orker) 

+ SF, x Intake from mhalation of resus
pended radioactrve pamculates 
(worlcer) 

+ SF. x Conc:emranonofgamma-emnung 
radionuc:hdes in sml (worker) 

Adding appropriate parameters. and then 
wmbirting and rearranging the e{juation to solve 
for wncentration. results in Equation ( 13 ). 

Equation (13 ')below is the reduced version of 
Equation (13) based on the standard default values 
below and a pre-specified cancer nsk level of 10-<>. 
It combines the toxicity information of a 
radio nuclide -......ith standard exposure parameters for 
wmmerciaVindustrial land use to generate the 
concentration of that radionuclide corresponding 
to a 10~ carcinogenic risk level due to that 
radian uclide. 

If any parameter default values or assumptions 
are changed after the baseline risk assessment to 
reflect site-specific conditions, radionuclide soil 
PRGs should be derived using Equation (13). 
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4.2.3 SOIL-TO-AIR \"OLATILIZATIO~ 

fACTOR 

The VF. define-d in Section .3.~.1 for chemic.:Jis. 
also applies for radtoacuve cuntamtnants wnh the 
following exceptions. 

• Most radionuclide.s are hea\"\ metal elements 
and are non-volatile under normal. ambient 
conditions. For these radionuclides. VF values 
need not be calculated and the risk due to the 
inhalation of volatile forms of these nuclides 
can be ignored for the purposes of 
determining PRGs. 

• A few radionuclides, such as carbon-14 (C-14 ). 
tritium (H-3). phosphorus-32 (P-32). sulfur-.35 
(S-35), and other isotopes. are volatile under 
certain chemical or environmental conditions. 
such as when they are combined chemiwlly 
with volatile organic compounds (i.e .. the so
CJ!led radioactively-labeled or "tagged" organic 
compounds). or when they CJn .exist in the 
environment in a variety of physical forms. 
such as C-14 labele-d carbon dioxide (CO~) gas 
and tritiate-d water vapor. For these 
radionuclides, VF values should be calculatea 
using the Hwang and Falco (1986) equation 
provide-d in Section 3.3.1 base-d on the 
chemical species of the compound with which 
they are associated. 

• The naturally occurring. non-volatile 
radioisotopes of radium, namely Ra-226 and 
Ra-224, undergo radioactive decay and form 
inert, gaseous isOtopes of radon. i.e., Rn-::::::: 
(radon) and Rn-220 (thoron). respectiveiv. 
Radioactive radon and thoron gases emanate 
from rheir respective parent radium ISOtopes 

in soil. escape into the an. and can pose 
cancer risks if inhaled. For Ra-2:6 and Ra-
2.24 in soil. use the default values shown tn the 
box on page 40 for VF and for SF 1r. 

Equation (12) and Equation (12'). 

4.3 RADIATION CASE STUDY 

This section presenLS a case study o:· a 
hypothetical CERCLA radiation site, the ACME 
Radiation Co. site, to illustrate the process of 
calculating pathway-specific risk-based PRGs for 
radionuclides using the risk e{jUations and 
assumprions presente-d in the prece-ding sections of 
this chapter. The radiation sne case study ts 
modele-d afler the XYZ Co. site study discussed f'fl 



RADIOI\'UCLIDE PRGs: COMMERCIAL'INDLISTRIAL SOIL- CARCINOGENIC EffECTS 

Tor a I = 
riSK 

RS = 
(pCii£; 
nsk-ba.sed) 

where: 

Parameters 

RS 
TR 
SF, 
SFO 
SF, 
EF 
ED 
IR,,, 
IR.,.I 
VF 
PEF 
D 
so 
S, 
T, 

- (SF X lcYg/kg X EF X IR," X JiPEF) + (SF," !0-'g_.'i.:g X D X SD X ( 1-S,/" T,:: 

TR 

De ftmuon run ns) 

rad10nuclide PRG in soil (pCJ'g) 
target excess individual lifetime cancer nsk (unnless) 
inhalation slope factor (risk!pCt) 
oral (ingestion) slope factor (nskJpCi) 
external c:xposure slope factor (nsk;)'r per pCllm2

) 

exposure frequency (d2ys/yr) 
exposure duration (yr) 
"-orkday inha!atJon rate of atr (rr.3/day) 

daily sotl ingesuon rate (myday) 
SOJ!-to-a.Jr volatilization factor ( m3/kg) 
particulate emission factOr (m3,1)cg) 
depth of radionuclides in soil (m) 
SOil densny (kgim3) 

gamma shielding factor (unitless) 
gamma exposure factor (unitless) 

Defaul: Value 

lO"" 
radionucllde-specttic 
rad1on ucllde -spect tic 
radionucilde -s pect ftc 
250 daysi)T 
25 yr 
20m 3/day 

50 mg/day 
radionuchde-soectfic (see Secuon 4.2.3 1 
4.63 x 10° m3,.};g (see. Secuon 3.3 2) 

0.1 m 
1.43 x JO·' kg:m 3 

0.2 (see Section 4. 1."2) 
1 (see Sect Jon 4_ 1.2) 

REDUCED EQUATION FOR RADJONUCLIDE PRGs: 
COMMERCIAUINDUSTRIAL SOIL- CARCINOGENIC EFFECTS" 

Risk-based PRG 
(pCI<g; TR = 10} 

J X JQ"" 

where: 

oral (mgesuon) slope factOr (nsk!pCi) 
to halation slope factor ( nskJpCi) 
external expa;ure slope factor (rlSic.~T per pCl!m1

) 

= radionuclide-speafic soil-10-atr volatilinluon factor in m3(Kg (see Secuon 33.1) 

• NOTE: See Section 4.23 when calculatmg PRGs for Ra-226 and Ra-224. 

Chapters 2 and 3. It generally follows a two-phase 
format which consists of a "at the scoping stage" 
phase wherein risk-based PRGs for radionuclides 
of potential concern are calculated initially using 

reduced equations based on P A/Sl data. and then 
a second. "after the baseline risk assessment" phase 

wherein radionuclide PRGs are recalculated using 
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full equations and modified site-specific parame~cr 
values based on RL'FS data. 

Following an overview of the history 3nd 

current status of the site presented in Section 4.3.1. 

Section 4.3.:2 covers a number of important steps 
taken early in the scoping phase to calcu!arc 

preliminary risk-based PRGs assuming a spec1fic 



SOIL DEFAULT VALUES FOR \T A."'b SF. 
FOR Ra-226 A."'iD Ra-Z24 

Default VF lnhalauon 
Value Siope 

(~) Factor, SF, 
Radtum ' f'G',.l Rn" ( rtSkirCI) • • 

Ra-220 s l.lE-1 l 

Ra-~24 200 4 7E-l 1 

• Calculated usmg values taken from ~CRP 
1976 and UNSCEAR 1982: Assumpuor.s: (11 an 
average Ra-226 soil concentration of 1 pCI/g 
assoctatec With an average ambient Rn-222 air 
con.:entrauon of 120 pciftn3 and (2) an average 
Ra-224 soil concentratton of 1 pCi/g associated 
wHh an average ambtem Rn-220 atr concentration 
of 5 pCI!m3. ~ 

•• Slope factor values are for Rn-2:: (plus 
progeny) and for Rn-220 (plus progeny). 

land-use scenario. Section 4.3.3 then discusses how 
initial assumptions and calculations can be 
modified when additional site-specific information 
becomes available. 

4.3.1 SITE IDSTORY 

The ACME Radiation Co. site is an 
abandoned industrial facility consisting of a large 
factory building situated on ten acres of land 
surrounded by a high-density residential 
neighborhood. Established in 19"'~. the ACME 
Co. manufactured luminous watch dials and gauges 
using radium-based paint and employed 
approximately 100 workers. mostly women. With 
the declining radium market. ACME phased out 
dial production and expanded its operations in 
1960 to include brokering (collection and disposal) 
of low-level radioactive waste (LL W). After the 
company was issued a state license in 1%1, ACME 
began recetvmg LL W from various nearby 
hospitals and research laboratories. In 1975, acting 
on an anonymous complaint of suspected 
mishandling of radioactive waste, state officials 
visited the ACME Co. site and cited the company 
for numerous storage and disposal v1olations. 
After ACME failed to rectify plant conditions 
identified in initial and subsequent citations, the 
state first suspended, and then later revoked its 
operating license in 1978. Around the same time. 
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officials detected radlum-2'26 (Ra-226, 
conrammauon at a few neighboring locauons oft 
s1te. However. no acuon was taken acamst :ne 
company at that time. When AC~1E filed for 
bankruptcy m 1985. it closeD 1ts facilll\' before 
completing cleanup. 

In 1987. the state and EPA conducteD an 
aerial gamma survey over the ACME Radiation 
Co. site and surroundmg properties to investigate 
the potential ex'lent of radioactive contamination 
ir. these areas. The overflight survey revealeD 
several areas of elevared exposure rate readings. 
although individual gamma-emitting radionuclides 
wuld not be identifieD. \\'hen follow-up ground 
level surveys were performed in 1988. numerous 
"hot spots" of Ra-226 were pinpointed ar various 
locations within and around the factory building. 
Three large soil piles showing enhanced 
wncentrations of Ra-226 were discovered along 
the southern border. ApproXImately 20 rusting 
drums labelled ·with LL W placards also were 
discovered outside under a wvered storage area. 
Using ground-penetrating radar, EPA detected 
subsurface magnetic anomalies in 2 few locations 
within the property boundary which suggested the 
possibility of buried \Vaste drums. Based on 
interviews with people living near the site and \\-ith 
former plant workers. the state believes that 
radium contaminated soil may have been removed 
from the ACME site in the past and used locally 
as fill material for the construction of new homes 
and roadbeds. Site acces.s is currently limited (but 
not entirely restricted) bv an existing security 
fence. 

In 1988. EPA's regionai field investigation 
team wmpleted a PA'Sl. Based on the PA'Sl 
data. the ACME Radiation Co. s11c swred above 
28.50 using the HRS and was llsled on rhe 
Narional Priorities List in 1989. Early in 1990. an 
RIJFS was initiated and a baseline nsk assessment 
is currently in progress. 

4..3.2 AT THE SCOPING PHASE 

In this subsection. several steps are outlined to 
show by example how initial site data are used at 
the seeping phase to calculate risk-based PRGs for 
radionuclides in specific media of wncern. 
Appropriate sections of Chaprers 2 and 3 should 
be consulted for more detailed explanations fo; 
each step considered below. 



Identify Media of Concern. A large stream 
runs alom the western border of the site and feeDs - . 
tnto a river used t"ly some oi the loCAl re~tdents k1r 
fishmg and boaung Supplemental watc; intake 
ducts for the muntcipal water treatment plant are 
loCAted approxtmately 300yards downriver. and the 
site is situateD over an aquifer which ser>'Co:' as the 
pnmary drinking water supply for a community oi 
approximately 33.000 people. 

Analyses of ground water. soil. and stream 
sediment samples taken during the PA'Sl revealeD 
stgnificant levels of radionuclide contaminatior.. 
Potential sources of contamination include the soil 
piles, process residues in soil. and radio:1uclides 
leaking from burieD drums. Air filter samples and 
surface water samples from the stream and river 
showeD only background levels of activity. 
(Background concentrations were determined from 
analyses conducted on a limiteD number of air, 
ground water, surface water. and soil samples 
collecteD approximately one mile from the site.) 

The data show that the meDia of potential 
concern at this site include ground water and soil. 
Although stream water and river water were not 
found to be contaminateD, both surface water 
bodies may become contaminateD in the future due 
to the migration of radionuclides from seDiment. 
from the exposeD soil piles, or from leaking drums. 
Thus, surface v•ater is another meDium of potential 
concern. 

For simplicity, only soil v.ill be discusseD as 
the meDium of concern during the remamder of 
this case studv. Procedures discusseD for this 
meDium can nevertheless be applieD in a similar 
manner to all other meDia of concern. 

Identify Initial List of Radionuclides of 
Concern. The PA/Sl for the ACME Radtation Co. 
sne identifieD elevateD concentrations of five 
radionuclides in soil (Ra-226. tritium (H-3), 
carbon-14 (C-14), cesium (Cs-13i), and strontium 
(Sr -90) ). These comprise the initial list of 
radionuclides of potential concern. 

Site records indicate that radioisotopes of 
cobalt (Co-60), phosphorus (P-32), sulfur (S-35), 
and americium (Am-241 and Am-243) were 
includeD on the manifests of several LLW drums in 
the storage area and on the manifests of other 
drums suspecteD to be burieD onsite. Therefore, 
although not detecteD in any of the initial soil 
samples analyzed, Co-60. P-32, S-35, Am-241, and 
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.. -..rn-=:·t) arc addeD to the llst for tr.1s medtum 
because of their ~otential to m1~rate fr::1m k:d.;m~ 
huried drums mw the surroundtr.c- so::. 

ldentif!· Probable Land L ses. The :\C\ ~ E 
Radtation Co. SJte is located m the center lll a 
rapidly developing suburban communtty comrmec 
of single and multiple famiiy dwelitngs. The are;; 
Immediately encircltng the stte was recently re
zoned for residential use only: exisung commerctal 
and light industrial facilities are currently t"letng 
relocated. Therefore. re.sidential use is detcrmtned 
to be the most reasonable iuture land use for this 
site. 

Identify Exposure Pathwa_:~-·s, Parameters. and 
Equations. During the scopmg phase. available 
site data were neither sufficient to idenufy all 
possible exposure pathways nor adequate enough 
to develop site-specific fate and transpon 
equations and parameters. Therefore. In order tc 
calculate initial risk-based PRGs fo· radionucltdes 
of potential concern in soil, the standardized 
default soil exposure equauon and assumptions 
provideD in this chapter for residential land use in 
Section 4.1.2 are selected. (Later in thts case study. 
examples are provideD to illustrate how the full 
risk equation (Equation (11)) and assumptions are 
modifieD when baseline nsk assessment dJt3 
become available.) 

For the soil pathway, the exposure routes of 
concern are assumeD to be direct ingestion oi soil 
contaminated with radionuclides and exposure w 
external radiation from gamma-emitttng 
radionuclides. Again. although sot! is the onlv 
meDium discusseD throughout this case stud:-. 
exposure pathways, parameters. eC!uations. ;;nd 
eventuallv risk-baseD concentrations would nee.c tc• 
be identified and developed for all other mediJ anc 
exposure pathways of potenual concern at :J:~ 

actual site. 

Identify Toxicit)' Information. 1o wlculate 
media-specific risk-baseD PRGs. reference toxicm 
values for radiation-induced cancer effects arc 
requireD (i.e., SFs). .As stated previously. soil 
ingestion and external radiation are the exposure 
routes of concerr. for the soil pathway. ToxJctt\ 
information (i.e., oral. inhalation. and externai 
exposure SFs) for all radiOnuclides of potenm. 
concern at the ACME Radiation Co. site ar:: 
obtaineD from IRIS or HEAST, and are shown tr. 
the box on the following page 



.-----------------------------------------------------------------------------------------------------------~ 

JL\BJATION CASE STIJBY: 

TOXJ(:J'IY INFOHI\IATION Hllt RAIHONliCI.IJHo:S OF I'OTENTIAI. <:ONCEHN• 

Hadtoartivc IUU' lnh;-~JatitHl Ingest ion Extcnwl Fxpmure 
I lalf-life I kray l.nng Slope Factor Slope F<letor Slope F;1ctor 

Hadinnuclidcs (yr) Mnde Clas~tfiratinn ( risk/pCi) (risk/pCi) (risk/yr per pCi/nl') 

11-1 12 bela g ?J\E-14 S.W-14 NA 

C-14 57 _111 beta g 6.·li:-J'i IJII:-11 Nt\ 

I' -12 () ().J ht'I:J [) .1 01;-12 :nr 12 N,\ 

s 1.'i () 2·1 l1t'I;J J) I.'W-1 1 2.21 :.1.1 N:\ 

Ct diO .'i txi<J/g:lllllll:J y J.(,):.J() l'il:-11 I 'I:. Ill 
l. 
r....J 

2'1 D .'i.r.E-1 I 1 .. 1F- I I . Sr-<JO IH'(;( N/\ 

Cs- 137 10 bela J) J.'lE- I I 21'1:-11 N1\ 

Ha-22f• I r.oo ,,, pll: J/g; I Ill 111<1 w l.OJ:.()'l 121:-10 ur:.n 

/\m-24 I 412 i1lpll:l/g<~llllll<l w 4 OE-01) J IF-10 I f•F-12 

Am-24.1 7.1HO a I pll:t/g<ullllln w 4.!lE-Ofl 1 II~- I 0 1 t.F-12 

• so11 rcc.~: !lEAST and Federal Guid;wcc Hcp11rt No. II. All information in this exnmplc is for illustr:llion only. 

N 1\ = N 111 ;,pplie<Jhlc ( i c., these r<tdiunuclitlcs arc no I gamma -cmilt crs ;tml 1 he llircl'l ralli:11 ion exposure p<H hw;Jy can he ignored) 



Calculate Risk-baserl PRGs. At this step. mk
hased PRGs are calculated for each radionuclldt.: of 
potential concern usmg the reduced nsk 'EuuatJOn 
( 11 ·_I in Sectiot~ 4.1.2. SF values obtained from 
IRIS and HEAST.-311d standardized default \'alucs 
for parameim::.iDr -the residential land-u<.c 
scenario.-.::r~-calculatc the risk-based PRG for Co-
60 at a pre-specified target risk level of 10-<>. for 
example, irs ingestion SF of 1.5 x 10·11 and 1ts 
external exposure SF of 1.3 x 10'10 are subslltuted 
into Equation (11 "). along wllh the standardized 
default values. as follov.-s: 

Rtsk-based PRG = 1 x 10"" 
fo; Co-60 1.3 X w' (SFol .... 3A X IO" (SF,) 

tpCvt;; TR = 10"') 

where: 

c;r:- -
~•o- oral (mgesuon) slope factor for Co-60 = 1.5 x 

10 JJ (risk/pCi) 

SF, external exposure slope factor for Co-6J = 1.3 
x 10'10 (nslclyr per pCiJm 2

) 

Substituung the values for SF0 and SFe for Co-60 
into Equation (11") results in: 

Rtsk-based PRG for Co-60 {pCiJg; TR = 10"') = 

1 X 10-6 

0.002 pCt of Co-60/g of soli 

In a similar manner, risk-based PRGs can be 
calculated for all other radionuc!ides of concern 1n 

soil ar the ACME Radiation Co. site. These PRGs 
are presented in the next box. 

4.3.3 AFTER THE BASEU~E RISK 
ASSESSMENT 

In this subsection, several steps are outlined 
which demonstrate how site-specific data obtained 
during the baseline risk assessment can be used to 

recalculate risk-based PRGs for radionuclides in 
soil. Appropriate sections of Chapters 2 and 3 
should be consulted for more detailed explanations 
for each step considered below. 

Revie·w Media of Concern. During the RI/FS, 
gamma radiation surveys were conducted in the 
yards of several homes located within a two-block 
radius of the ACME Radiation Co. site. Elevated 
exposure rates, ranging from approximately two to 
four times the natural background rate, were 
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RADIAT101' CASE STt:DY: 
1'-HTIA.L RISK-BA..'iED PRGs FOR 

RADIO:"-.'UCLIDES I~ SOIL• 

Rad1onuclldes 

H-3 
Sr-90 (only) 
P-~2 

S-35 
(.j .. 

Co-6J 
Cs-137 (only) 
Ra-226 (only) 
Am-24i 
Arn-243 (only) 

Rtsk-basec So1l PRG (pCr,:;; 

14,000 
~~ 

::o 
:;_soo 

S.'iO 
0002 

0.6 
0.2 
7.9 X 10: 

• Dlculated for lilustrauon onty usmg Equar1on 
( 11 ') in Secllor. 4.1.2. Value.s have been rounded 
off. 

measured on properties immediatelv borderine the 

site. Measurements onsite ranged. from 10 1~ 5lJ 
times background. ln both cases, enhanced soil 
concentrations of Ra-226 (and deQy products) and 
several other gamma-emitting radionuclides were 
discovered to be the sources of these elevateD 
exposure rates. Therefore. soil continues as 3 

medium of potential concern. 

Modify List of Radionuclides of Concern. 
Dunng scoping. five radronuclides (Ra-226. H-3. 
C-14, Cs-137, and Sr-90) were detected in elevateD 
concentrations in soil samples collected at the 
ACME Radiation Co. site. These made up the 
initial Jist of radionuclides oi potential co~ccrn 
Although not detected during the first round of 
sampling, five additiona 1 radionuclides ( P-3:. S-3~. 
Co-60. Am-2-tl. and Am-243) were added to thro 
list because of their potential to migrate fror.~ 

buried leakmg drums mro the surrounding soiL 

With additional RI;FS data, some 
radionuclides are now added to the list, while 
others are dropped. For example, soil analvses 
failed to detect P-32 (14--Day half-life) or S-35 (87-
day half-life) contammation. Decay correction 
calculations strongly suggest that these 
radionuclides should not be present onsite ir. 
detectable quJntiries after an estimated burial time 
of 30 years. Therefore. based on these data. P-32 

and S-35 are dropped from the list. Soil data also 
confinn that decay products of Ra-226, Sr-90. Cs-
137, and Am-243 (identified in the first box belo'", 

/ 



are present in secular equilibrium 11.e .. ecual 
acu\ity concentra tlons) wnh then res pecuve parent 
ISOtOpes. 

Assummg secular equilibrium. slope factors for 
the parent ISotope and each of i~ decay series 
members are summed. Parent isotopes are 
designated with a • ~ o· to indicate the composite 

slope factor~ of its deca: cham 1 showr. 1r. bole face 
m the second box below). Tnus. Ra-226-u. Sr-
90+D. Cs-137-D. and Am-2~.3-D replace thw 
respective single-isotope values 1r. the list u: 
radionudides of potenuJl concern. a:-~J th<.:1r 
composite SFs are used in the iull soil p3thw;J\ 
C{juauon to recalculate risk-based concentrations. 

RADlATIO~ CASE STUDY: DECAY PRODUCTS 

I i 
Parent Radionuclide Decay Producr!s) (Half-1Jfe1 ' 

Ra-226 Rn-222 (-! oavsJ. Po-218 (~ mm), Pb-214 (27 mm). BJ-214 (20 I 
mm;, Po-214 ( < 1 s), Pb-210 (22 yr), Bi-210 (5 days). Po-210 

(138 days) 

I Sr-90 Y-90 (14 hr) 

C:.S-137 Ba-!37m (2 min) 

Am-243 Np-239 (2 days) 

RADIATION CASE STUDY: SLOPE FACTORS FOR DECAY SERIES• 

Slope Factors 
Deca' Series Inhalauon Jr.resuon b!emal 

Ra-226 :".OE-09 1.2E-10 4.2E-13 
Rn-222 7.2E-!3 2.2£-14 
Po-218 S.SE-13 2.8£-14 O.OE+OO 
Pb-214 2.9E-!2 J.BE-13 LSE-1: 
Bi-214 2.2E-!2 1.4£-13 8.0E-11 
Po-214 2.SE-19 LOE-20 4.7E-15 
Pb-210 1.7E-09 6.5E-10 LSE-13 
Bi-210 S 1E-l i L9E-12 O.OE+OO 
Po-210 27£-{N 2.6E-IO 4.5£-16 
Ra-226+D 7.5E~ l.OE~ 9.6E-ll 

Sr-90 5.6E-ll :.:;E-ll O.OE+OO 
Y-90 :l.SE-12 3.2E·12 O.OE+OO 
Sr-90+D 6.2E-ll 3.6E-11 O.OE+OO 

C:.S-137 1.9E-11 2.SE-l i O.OE+OO 
Ba-137m 6.0E-16 2.4E-15 3.4E-ll 
Cs-137+D L9E-11 !.SE-11 3.4E-11 

Am-243 4.0E-OS :O.lE-10 3.6E-12 
No-239 LSE-12 9.3E-l3 : 1 E-ll 
Am-243+D 4.0£-{18 3.1E-10 LSE-11 

• All information in this example IS for illuscrauon purposes only. 
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Revi~ Land-use Assumptions. At thts step. 
the future land-use assumption chose9 dunng 
scoping is revtewed. Since the original assumption 
of future res1dentialland use is supported by RI:FS 
da t:J. n is nor modified. 

Modify Exposure Pathways. Parameters. and 
Equations. Based on sne-specific information. the 
upper-bound residence time for many of the 
individuals living near the ACME Radiation Co. 
site is determined to be 45 years rather than the 
default \'alue of 30 years. Therefore. the exposure 
duration parameter used in Equauon ( ll) tn 

Section 4.1.2 is substituted accordingly. lt is also 
determined that individuals living near the site are 
only exposed to the external gamma radiation field 
approximately 18 hours each day. and that their 
homes pro,ide a shielding factor of about 0.5 (i.e .. 
50%). Therefore. values forTe and Se are changed 
to 0.75 (i.e., 18 hr/24 hr) and 0.5. respectively. 

Modify Toxici~· Information. As discussed 
above in the section on modif)ing the list of 
radionuclides of concern. oral. inhalation. and 
external exposure slope facrors for Ra-226. Sr-90, 
Cs-137, and Am-243 were adjusted to account for 

the added risks (per untt intake and1or exposure l 
contributed t">y thetr respectl\e decay scr;es 
members that are m secular e<:jutiibrium. 

Recalculate Risk-baserl PRGs. At th1~ srer. 
risk-based PRGs are recalculared for all rematnin~ 
radionuclides of potential concern using the full 
risk equation for the soil pathway (i.e .. Equation 
(11)) modified by revised we-specific assumpuons 
regarding exposures. as dtscussed above. 

To recalculate the risk-based PRG for Co-60 
at a pre-specified target mk level of 10-o. for 
example, its inges!lon SF of l.S x w· 11 . and it~ 
external exposure SF of 1.3 x 10·10 are substituted 
into Equation (11), along v.ith other site-specl!lc 
parameters. as shown in the next box. 

In a similar manner. risk-based PRGs can be 
recalculated for all remaining radionuclides of 
potential concern in soil at the ACME Radiation 
Co. site. These revised PRGs are presented in the 
box on the next page. In those cases where 
calculated risk-based PRGs for radionuclides are 
below current detection limit.S. risk assessors 
should contact the Superfund Health Risk 
Technical Support Center for additional guidance 

RADIATION CASE STUDY: R£\1SED RISK EQUATION fOR RESIDE:"o<TIAL SOIL 

1K RS for CD-60 (pCi/g; 
mk-based) (SF0 x w·' x EF x rF""""""') + (SF, x 10:· xED x D x sD x (J-S,) x T,! 

where: 

Parameters 

RS 
1K 
SFO 
Sf, 
EF 
ED 
IF ,.,.,ad, 
D 
SD 
S, 
T, 

0.003 pCt/g 

Definiuon runits) 

radlonucllde PRG m so1l (pCi/g) 
target excess tndf\1dual lifet1me cance n.sk (unnle.ss) 
oral ( m~estlon) slope factor ( riSkJpO) 
external exposure slope factor (nsk/)T per pCL1m'; 
exposure fr~uency (daysr)T) 
exposure durat1on (yr) 
age-adJUSted soil ingestion factor (mg-)Tiday) 
depth of radionuchdes in soil (m) 
SOil densny (lcg/11l3

) 

gamma shielding factor (un1tless) 
gamma exposure time factor (unitle.ss) 

Revisec Value 

10-<> 
L5 x 10.;; (r.SK.'pCiJ 

1_; X J0' 10 (nSkJ:rT per pCLrT::'. 

350 days,-;.T 
45 yr 
5100 mg-jT/day 
0.1 m 
1.43 x !<Y kg..tm3 

o_~ 

0.75 

('l"ote To acrount for the reviSed upper-bound residential restdency ume of 45 years. the age-adJUSted sot! 
mgesuon fac:or \\-"3.5 re~lculated ustng the equauor. tn Sewon 4.12 anc an adult exposure durauon of 39 vears 

for tndf\1dual.s 7 to 46 years of age.) 
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RADlATIOJ\ CASE STCDY: 
RE\1SED RISK-BASED PRGs FOR RADIO:"'UCLIDES 1:"' SOIL • 

Rad1onuclldes 

H-3 
Sr-90+0 
C-14 
Co-<>0 
Cs-1:'7+0 
Ra-226+ 0 
Am-241 
Am-243+D 

10.200 
20 

620 
0.003 
0.01 
0.()(14 
0.2 
o.m 

• Calculated for illustration only. Values have been rounded off. 
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APPENDIX A 

ILLUSTRATIONS OF CHEMICALS 
THAT "LIMIT' REMEDIATION 

In many cases. one or two chemicals will drive 
the cleanup at a site. and the resulting cumulative 
medium or site risk will be approximately equal to 

the potential risk associated ~ith the individual 
remediation goals for these chemicals. These 
"limiting chemicals" are generally either chemicals 
that are responsible for much of the baseline risk 
(because of either high toxicity or presence in high 
concentrations), or chemicals that are least 
amenable to the selected treatment method. By 
cleaning up these chemicals to their goals, the 
other chemicals typically will be cleaned up to 
levels much"lower than their corresponding goals. 
The example given in the box below provides a 
simple illustration of this principle. 

The actual circumstances for most 
remediations will be much more complex than 
those described in the example (e.g., chemicals ~ill 
be present at different baseline concentrations and 

will be treated/removed at differing rates): 
however, the same principle of one or perhaps two 
chemicals limiting the site cleanup usually appl1es. 
even in more complex cases. 

Unless much is knovm about the performance 
of a remedy ~ith respect to all the chemiCals 
present at the site, it may not be possible w 
determine which of the site contaminants ~ill drive 
the final risk until well into remed\ 
implementation. Therefore. it generally is not 
possible to predict the cumulative risk that will be 
present at the site during or after remediation. In 
some situations. enough ~ill be knovm about the 
site conditions and the performance of the remedy 
to estimate post-remedy concentrations of 
chemicals or ro identify the chemical(s) that .,.;11 
dominate the residual risk. If this type of 
information is available. it may be necessar:· to 

modify the risk-based remediation goals for 
individual chemicals. 

SIMPLE ILLUSTRATION OF A CHEMICAL THAT UMITS REMEDlATIO]'I; 

Two chemicals (A and B) are present in ground water at a s1te at the same baselme concentrations. 
Remediation goals were identified for both A and B. Chemical A's goal is 0.5 ug!L, which IS as.sooated .,1th a 
potentia: risk of 10.... Dlem1cai B's goal is 10 ug,'L wh1ch LS a~ as.sooated mth a potential nsk of 10"". The 
calculated cumulative risl; at remediauon goal5 IS therefore 2 x 10 .... Assummg for the purposes of thiS 1liustrauon 
that A and B are treated or removed at the same rate, then the fir.>t cbem1cal to meet ns goal .,,11 be B. 
Remediauon must continue at this sne, however, until the goal for cherrm::al A has been me:. When the 
concentration of A reaches 0.5 ug!L, then remediatJon tS complete. A is at Its goal and bas a nsk of 10"". B I.S at 
1/2!) of its goal with a risk of 5 x 10-ll. The total mk (1 x 10 ... + 5 x 10~) is apprcromatety 1if' and IS due to the 
presence of A 

This example illustrates that the final risk for a chem1cal may not be equal to the potentl31 nsk as.sooatee v.1th 
its remediation goal, and, in fact, can be much less than thiS ns~. Although the potential nsk assooated wlth 
Chemical B's goal is 10~, the final residual risk associated with B is 5 x 1~. Thus. if one "'-ere to calcuLate the 
cumulative ris~ at PRGs prior to remedy implementallor .. one would estimate total medium nsk of 2 x 10"". however. 
the residual cumuLauve risl:. a her remediation is 1 x 1 0 .... 
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APPENDIX B 

RISK EQUATIONS FOR INDIVIDUAL 
EXPOSURE PATHWAYS 

This appendix presents individual risk 
equations for each exposure pathway presented in 
Chapter 3. These individual risk equations can be 
used and rearranged to derive full risk equations 
required for calculating risk-based PRGs. 
Depending on the exposur~ pathways that are of 
concern for a land-use and medium combination. 
different individual risk equations can be combined 
to derive the full equation ref1ectine the 
cumulative risk for each chemical \\-ithin the 
medium. See Chapter 3 for examples of how 
equations are combined and how they need to be 
rearranged to solve for risk-based PRGs. Note 
that in this appendix, the term HQ is used to refer 
to the risk level associated with noncarcinorenic 
effects since the equations are for a single 
contaminant in an individual exposure pathway. 

The follov.ing sections list individual risk 
equations for the ground water, surface water, and 
soil pathways. Risk equations for exposure 
pathways not listed below can be developed and 
combined with those listed. ln panicular, dermal 
exposure and ingestion of ground water 
contaminated by soil leachate, for which guidance 

is currently being developed t>v EPA. could t>c 
included m the overall exposure p;nhwa'> 
evaluation. 

B.l GROU!\rrl \VATER OR 
SURF ACE \VATER -
RESIDENTlli L~~D USE 

Both the ingestion of water and the inhalatior. 
of volatiles are included in the standard default 
equations in Section 3.1.1. If only one of these 
exposure pathways is of concern at a particular 
site, or if one or both of these pathways needs to 
be combined with additional pathways. a site
specific equation can be derived. 

The parameters used in the equauons 
presented in the remainder of this section are 
explainw in the foUov.ing text box. 

B.Ll !~GESTIO~ 

The cancer risk due to ingestion oi J 

contaminant in water is calculated as follo\\-s: 

PARA.."vtETERS FOR SURFACE WATER/GROUND WATER- RESIDEr.TlAL LAND liSE 

Parameter 

c 
SF, 
SFO 
RfDO 
Rill, 
BW 
AT 

EF 
ED 
K 
IR, 
I~ 

Definition 

chemical concentration m ""-ater (mg/L) 
inhalation cancer slope factor ((m~g-day)" 1 ) 
oral cancer slope factor ((mg..'Kg-ctay)" 1) 

oral chronic reference dose (mg/lcg-<lay) 
mhalation chronic reference dose (mg.I"Kg-day) 
adult body weight (kg) 
averaging tune tn) 

exposure frequency (daysryr) 
exposure duration (yr) 
volatilization factor (Um3) 

daily indoor inhalation rate (m3/day) 
daity water ingestion rate (Uday) 
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Defaul: Value 

chenncal-specifi c 
cbel!llcal-specific 
chemical-specific 
chemJcal-speafic 
70 kg 
70 yr for cancer nsk 
30 yr for non cancer H1 ( e~ual tc ED~ 

350da~ 

30 vr 
O.OOos x 1000 L!m1 (Andelman l()Q(}': 
15 m3/day 
2 Uday 



Rtsk I~o;n tn~estton 

or wate~ (adult': 

The noncancer HQ due to ingestion of a 
contaminant Jn water lS calculated as follO\I.'S: 

HO d:Jc rc :n~e111on 

of ware; (adult I 

c X IR,. X EF X ED 
RfD

0
x BWxATx365davs:yr 

8.1.1 I~HAL\TIOt\" OF VOL-\ TILES 

The cancer risk due 10 inhalation of a volatile 
contammani m water is calculated as follows: 

RtsK i:om = SF x C x K x IR x EF x ED 
tnhalatton BW x AT x 365 oaystyr 
of volaules 
tn water 

(adult) 

The noncancer HQ due to inhalation of a volatile 
contaminant in water is calculated as follows: 

HQ due to ~ c X K X IR X EF X ED 
tnhalauoo RfD, X BW X AT X: 365 daysJ:T 
of volatiles 
m v.-arer 
(aault) 

B.2 SOIL - RESIDENTIAL L~'\"D 
USE 

Only the first exposure pathway below -
ingestion of soil - is included in the standard 
default equations in Section 3.1.2 U additional 
exposure path .... -ays, including inhalation of volatiles 

and.or mhalation of paruculate~. are of concern at 
a parucuiar stte. ther, i! Stle-spectf!C equauon can 
be derived. 

The parameters used 1r. the e·:.: uauons 
presented in the remamder of th1s sccuon are 
explained in the tex: box below. 

B.1.1 ll"GESTIO~ Of SOIL 

The cancer risk from Ingestion of 
contaminated soil is calculated as follows: 

Rtsk from :o SF, x C x 10"" kr,im£ x EF x IF."",ad: 
tngesuon AT x 365 oays/)T 
or soil 

The noncancer HQ from ingestion of 
contaminated soil is calculated as follov.-s: 

HQfrom ~ 

mgestion 
of soil 

C x 10~ kg,.'m~: x EF x IF."',..;J 
Rill

0 
X AT X 365 00y51}'T 

B.2.2 INRo\IATION OF VOlATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = SF x C xED x EF x IR,.,. x f1 1VF\ 
inhalation AT X BW X 365 ooystyr 
of volatiles 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

PARAMETERS FOR SOIL- RESIDE/I.TIAL LAND USE 

Parar:1ete 

c 
SF, 

SFO 
RfDO 
RfD, 
BW 
AT 

EF 
ED 
IR, 
IF """.c) 
VF 
PEF 

Derlmuon 

chemical concentration 1n soil (rng/~g) 
mhalarion cancer slope factor ((mg!kg-day)"1) 

oral cancer slope factor ((mg/kg-day)" 1
) 

oral chrome reference dose (mg/kg-day) 
inhalauon chronic reference dose (mg/kg~y) 
adult body weight (kg) 
averaging time (yr) 

exposure frequency (days/)-T) 
exposure duratiOn (yr; 
dAily indoor mhalauon rate (m3/day) 
age-adJUSted soil mgesuor. factor ( mg-yT/kg-{jay) 
soil-te-al~ vola!illZ3tion facto~ (m3!kg) 
particulate em~.SS10n factor (m3/kg) 

Default Value 

chermcal-speo fi.c 
chemtcal-specific 
chemical-specilic 
c he 011cal-s pe.-'ifi c 
70 kg 
70 yr for cancer ruk 
30 yT for noncance:- HI (equal to ED) 

350~T 

30 yr 
15 m3/day 
114 mg-yr!kg-day 
chemical specific (see Sector. 3.3. 1) 
4.63 x lOQ m 3/kg (see Secuor. 33.~) 



HO from 
mhalauon 
of volaules 

= c X ED X EF X IR ,, X (11\fF\ 

RtD, x BW x AT x :.65 daysryr 

B.Z.3 INHALATION OF PARTICULATES 

Cancer risk due to inhalation of 
contaminated soil pamculates is calculated as: 

RISk 
from 
mhata. 

= SF X c X ED X EF X IR "X (J/PEF) 
AT x B...,. x 365 da:-s:yr 

[100 O! 

parucu lates 

The noncancer HQ from particulate inhalation is 
calculated using this equation: 

HO from = 
mhalauon 
of partl· 

culares 

c X ED X EF X IR"' X (1/PEF) 
RfDi X BW X AT X 365 d3ys,yr 

B.3 SOIL- COMMERCIAl) 
I~roUSTRIAL LA.'r\ro USE 

All three of the exposure pathways 
detailed below are included in the standard default 
equation in Section 3.2.2. If only one or some 
combination of these exposure pathways are of 
concern at a panicular site, a site-specific equation 
can be derived. 

The parameters used in the equations 
presented in the remainder of this section are 
explained in the text box below. 

B.3.1 !~GESTIO!\ OF SOIL 

The cancer nsk from ingestion uf 
contaminated soil is calculated as follows: 

Risk from 
ingestron 
of so1l 

= s~ X c X 10"' kg/m~ X EF X ED X IR,nd 
BW x AT x :i6S clays.yr 

The noncancer HQ from ingestion oi contaminated 
soil is calculated as follows: 

HQ from = 
ingestion 
of soil 

C x 10.., kg;m~ x EF x ED x IR.O' 
RfDo X BW X AT X 36S d3\'S/)T 

B.3.2 INHAlATION OF VOLATILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = 
inhalation 
of volatiles 

SF X c X ED X EF X IR " X (l '\TI 
AT x BW x 365 days/yr 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

HO from 
inhalation 
of volatiles 

= C X ED X EF X IR r X ( 1 /VFJ 
Rill, x BW x AT x 36'i d3vs-:.-:-

Note that the VF value has been developed 
specifically for these equations: it may not be 
applicable in other technical contextS. 

PARAMETERS FOR SOIL- COMMERCIAUINDUSTRIAL LAND l'SE 

Parameter 

c 
SF; 
SFO 
Rill 0 

Rill, 
BW 
AT 

EF 
ED 
IR~ 

rR.oo 
VF 
PEF 

Definition 

chemtcal concentration m soil (mg;kg) 
mbalauon cancer slope factor ((mg)kg-day)' 1) 

oral cancer slope factor ((mg/kg-day)'1) 

oral chronic reference dose (mg/kg-day) 
inhalation chronic reference dose (mg/l:::g-day) 
adult body weight (kg) 
averaging time (yr) 

exposure frequency (d3ystyr) 
exposure duration {.vr) 
"\\IOrkday inhalation rate (m3/d3y) 
soil ingestion rate (mg/day) 
soil-to-air volatilization factor (m3!ltg) 
particulate emission factor (m3/lcg) 

-53-

Default Value 

chenm:al-speofi c 
cbemical-speofic 
chemical-spectfJC 
chemical-speclfic 
70 kg 
70 yr for cancer risK 
30 yr for noncancer H1 (equal to ED' 
250 d3ys/yr 
25yr 
20 ~)/day 
50 mg!day 
chemJcal spec1fic (see Secuon 3.3.1) 

4.63 x !09 m 3/kg (see Secuon 3.3.2) 



B.3.3 I~HALATIO~ OF PARTICUL.\TE.S 

Dncer mk aue to inhalauon 
contaminated soil paruculates is calculated as: 

of 

RISK from = SF X c X ED X EF X IR r X (]/PEP· 
mhalauon AT x BW x 365 daYSI)T 

of particulates 
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The noncancer HQ from particulate mhalat10r. IS 

calculated using thiS equation: 

HO !rom = 
mhalat1on 

c X ED X EF X IR y ':p:::"J:"" 
~ • ' • • L-. 

RID, X B~' X AT X ?.6) dJ\'S"\T 



MEMORANDUM 

SUBJECT: 

FROl-1: 

TO: 

Purpose 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF 
S0-.10 WASTE ANO €MEI'!CENCY I'IES~ONSE 

OSWER Directive 9285.7-0lC 

Transmittal ot Human Health Evaluation Manual, ?art c: 
Risk EValuation of Remedial Altar.lves. 

H~nry L. Longest II, Director 
Office of Emergency and Ramed ' ponse 

Bruce Diamond, Oirecto 
Oftice of Waste Progra~~~ 

Regional Wasta Management Division Directors 

This directive transmits the Risk Assessment Guidance !or 
Superfund, Human Health Evaluation Manual, Part C-Risk Evaluation 
of Remedial Alternatives. Tha guidance is to be used in the 
feasibility study and selection of remedy process and supplements 
the Human Health Evaluation Manual Part A--Baseline Risk 
Assessment, and Part B--oavelopmant of Risk-Based Prelil:linary 
Remediation Goals. 

1;}ackqround 

Section 121 ot CERCLA requires an evaluation of short-term and 
long-term risks associated with remedial alternatives. In 
September 1990, a Workgroup was fo~ed to discuss the developmen~ 
and usa ot this risk information in the remedy selection process. 
The interim guidance baing distributed today incorporates comments 
on drafts of the guidance which were received trom Headquarters and 
Regional management. 

objective 

The objactiva ot the guidance ia to aaaiat remedial project 
managers, site engineers, risk asseaaora and others in developing 
and using risk information to evaluate reedial alternatives during 
the teasibility atudy. Aa you know, thia evaluation compares ~~e 



risk-based benefits o! alternatives, investiqates poter.~ial 
exposures to the communities and remediation workers during t~e 
implementation of the alternative, determines the need ~or 
engineering controls to mitigate risks, and assesses the need fer 
a five year review. The guidance will also be useful to those who 
seek to evaluate risks of the selected remedy during and after its 
implementation. Part C ot the guidance will ensure consistent 
development and use of risk information at these important decision 
points in the Superfund process. 

Implementation 

This document is being distributed as interim guidance pending 
review of the RAGS series by the Science Advisory Soard (SAB). It 
is our intention to begin updating and consolidating the series in 
FY 92. At that time, we will incorporate SAB's comments and the 
results of ongoing, EPA-sponsored research projects. We also 
strongly urge RPMs and Reg·ional risk assessors to contact the 
Taxies Integration Branch o! the Office o! Emergency and Remedial 
Response (FTS 260-9486) wi~~ any suggestions tor further 
improvement. 

Attachment 

cc: Regional Branch Chiefs 
Regional Section Chiefs 
Regional Taxies Integration coordinators 
Workgroup Members 
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-:lle policies ser our in this document are mtendec soleh zs guidance: the:- Jre nor (lnJ: L S 
Environmental Protecuon Aeencv (E?AJ acuons. These policies are nor Intended. nor wn thev be rc::e-.: 
upon. to create any nghts enforc~ble by any parry in lluga()or. wHh the L'nl!ea States. E?A offict3ls m3 :

decide to follow the guidance prov1ded m this document. or to act at vanance wllh the gu1oance. b::Jsed on an 
Jnalysis ofspeofic Slle circumstances. Tne Agency also reserves the right to change thts guidance at any ume 
wnhout public nouce. 

This guidance is based on policies tn the Final Rule of the .Saticnai Oil and Hazardous Substances 
Pollution Contingency Plan (]':CP), which was publisheu on March 8. 1990 (55 Fedemf Regzsrer 8666) Tne 
l"CP should be considered the aurhonrative source. 
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Term 

AppltG>ble or Relevant and 
Appropriate Requirements 
(ARAR.s) 

Exposure Pathway 

Exposure Point 

E-qJosure Route 

Final Remediation Levels 

Long-term Risks 

Preliminary Remediation Goals 
(PRGs) 

DEFI~ITIO~S 

Defintuon 

"AppliG>ble" requirements are those clean-up standards. standards 
of control, and other substantive emnronmental prorecuon 
requirements. criteria. or ltmitations promulgated under federal or 
stare law that specifically address a hazardous subst.:wce. pollutant. 
contaminant. remedial action. location, or other circumstance at a 
Comprehensive Environmental Response, Compensation. and 
Liability Act (CERCL\) site. "Relevant and appropnate" 
requirements are those clean-up standards which. while not 
"applicable" at a CERCL\ site, address problems or snuations 
sufficiently similar to those encountered at the CERCLA site that 
their use is well-suited to the particular site. ARARs wn be actwn
specific, location-specific, or chemical-specific. 

The course a chemical or physical agent takes from a source to an 
exposed organism. An exposure pathway describes a untque 
mechanism by which an individual or population is exposed 10 

chemicals or physical agentS at or originating from a site. Each 
exposure pathway includes a source or release trom a source. an 
exposure point. and an exposure route. If the exposure point differs 
from the source. a transport/exposure medium (e.g .. air) or med1a 
(in cases of intennedia transfer) also would be indicated. 

A location of potential contact between an organism and a chemical 
or physical agent. 

The way a chemical or physical agent comes in contact with an 
organism (i.e .. by ingestion, inhalation. dermal contact). 

Chemical-specific clean-up levels that are documented in the 
Record of Decision (ROD). They may differ from prelimmary 
remediation goals (PRGs) because of modifications resulting from 
consideration of various uncertainties. technical and exposur 
factors. and all nine selection-of-remedy crlteria outltned in the 
National Oil and Hazardous Substances Pollution Contingency Plan 
(~CP). 

RISks that remain after remedy implementation is complete (t.e .. 

res1dual risks). 

Initial clean-up goals that (1) are protective of human health and 
the environment ai)d (2) comply with ARARs. They are developed 
early in the process based on readily available information and are 
modified to reflect results of the baseline risk assessment. Th~y 
also are used during analysis of remedial alternatives in !r.e 
remedial investigation/feasibility study (RL'FS). 
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-:-erm 

Remedial AJternauve 

Remedtal Action 

Risk-based Concentrations 

Shon-term Risks 

DEFI~dTIO'S (Continuerl\ 

Defininon 

An acuon cons1dered in the feasibility study Intended to reauce or 
eilminate significant risks to human health and/or tr.e en\lronmer.: 
at a site. A range of remed1al alternatives are cons1dered m Cle:a!l 
by the FS whiie the selection of a spec:fic remed1al allern:n1ve o'e~ 
others is documented in the ROD. 

The selected alternative that is documented tn the ROD. 

Concentration levels for individual chemicals that correspond to a 
spec1fic C<Jncer risk level (e.g .. 10-<l. 10...;) or hazard quot1~nt IHQJ 
or hazard index (HI) (e.g., I~ than or equal 10 1). Tney are 
generally selected as prellminary or final remediation goals wher. 
ARA.Rs are not available. 

Risks that occur during implementation of a remed1al alternative. 
Some "short-term· risks can occur over a penod of many ye.ars (e.g .. 
risk associated with air stripper emiSSions). 
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.. ~cronym/ 
Abbreviation 

ACGIH 

.-\JC 

APCD 

ARARs 

ATSDR 

CEGL 

CERCLA. 

C:::R 

ECAO 

EEGL 

EPA 

HE.r\ST 

HHEM 

HI 

HQ 

!DLH 

IRIS 

LOAEL 

MCL 

:VlRL 

:"JCP 

NIOSH 

NOA.EL 

NRC 

ACR0:"-1'\lS/ABBREVIATIO:'\S 

Definition 

American O:mference of Governmental Industrial Hyg1enists 

Acute Inhalation Criteria 

Air Pollution Control Device 

Applicable or Relevant and Appropriate Requirements 

Agency for Toxic Substances and Disease Registry 

Continuous Exposure Guidance Level 

Comprehensive Environmental Response. Compensauon. and Liability Act 

Code of Federal Regulauons 

En.,ironmental Criteria and Assessment Office 

Emergency Exposure Guidance Level 

U.S. Environmental Protection Agency 

Health Effects Assessment Summary Tables 

Human Health Evaluation Manual 

Hazard Index 

Hazard Quotient 

Immediately Dangerous to Life and Health 

Integrated Risk Informacion System 

Lowest-observed-adverse-effect-level 

~1a;umum Contaminant Level 

Minimal Risk Level 

National Oil and Hazardous Substances Pollution ContingenL-y Plan 

National Institute for Occupational Safety and Health 

N a-observed- adverse-effect-leve I 

National Research Council 

·VIII· 



Acron\'m/ 
Abbre,·Jallor. 

ORD 

OS H..-\ 

PEL 

P01W" 

PPE 

PRG 

Q.-\;QC 

RAGS 

RCR.A. 

REL 

RfC 

RID 

RLFS 

RME 

ROD 

RPM 

RQ 

RREL 

SARA 

SPEGL 

TLV-C 

TLV-STEL 

TL V-T>VA 

TSC 

ACR0!\Yl\1S/ABBR£\1A. TIO:\"S IConcmued 1 

Defintuon 

Office oi Research and Development 

Occupauonal Safety and Health Admmtstrauon 

Permissible Ex?osure Level 

Publicly Owned Treatment Works 

Personal Protewve Equipment 

Preliminary Remediation Goal 

Quallty A.ssurance/Qual!!y Control 

Risk Assessment Guidance for Superfund 

Resource Conservation and Recoverv Act 

Recommended Exposure Level 

Reference Concentration 

Reference Dose 

Remedial lnvestigation.'Fe<~sibility Study 

Reasonable Maximum Exposure 

Record of Decision 

Remedial Project Manager 

Reportable Quantity 

Risk Reduction Engineenng Laboratory 

Superfund Amendments and Reauthonzation Act 

Short-term Public Emergency Guidance Level 

-
Threshold Limit Values -Ceiling 

Threshold Limit Values - Short-term Exposure Limit 

Threshold Limit Values - Time-wetghted Average 

Superfund Health Risk Technical Support Center 
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PREFACE 

Risk Assessment Guidance for Su.perf .. md: ~"olume I - i-iumnn Hcr.lrr. £.; r.iu.r.nor. .\f,;r.:J.,;; 

, RAGS.'HHEM) Part Cis one of a three-pan senes. Pan A addresses the baselme nsk assessment: Par·. B 
addresses the development of risk-based preliminary remedtation goals. Pan C prov1des gutdance on the 
human health risk evaluations of remedial alternatives that are conducted dunng the feasibtllty study. dunng 
selecuon and documentation of a remedy, and during and after remedy implementauon. Part C provides 
general guidance to assist in site-specific risk e>-aluauoru and to maintain flexibility tn the anar.-sts 2nd 
decision-making process. This guidance does !!Q! discuss the evaluation of eco!ogJC.a! effects that takes place 
during remedy selection and implementation. nor does it discuss the risk management deCISions that are 
necessary at a CERCL\ site (e.g .. selecrion of final remediation goals). The potential users o' Pan C are 
persons involved in the remedy selecuon and implementation process. includmg nsk assessors. nsk assessment 
re•iewers. remedial project manage~. and other decision-make~. 

This manual is being distributee as an interim document to alJow for a penod of field te.stmg and 
re•1ew. RAGSrHHEM v.ill be revtsed in the future. and Paru A B. and C ,.,ill be incorporated into a singie 
final guidance document. Additional information for specific subJect are<lS is bemg developed for mclusion 
in a later revision. These areas include: 

development of short-term inhalation tox:lciry values; 
short-term worker health and safety issues; and 
determination of attainment of final remediation goals. 

Comments addressing usefulness, changes. and additional areas where guidance is needed should be 
sent to: 

U.S. Emironmental Protection Agency 
Tox:lcs integration Branch (OS-230). 
Office of Emergency and Remedial Response 
401 M Street. SW 
Washington., DC 20460 

Telephone: 
FAX: 

202-260-9486 
202-260-6&.5 2 
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CHAPTER 1 

INTRODUCTION 

This gu1llance r.:!s been developed by the L.S. 
:::n\lronmentai Protecuon Agency (£PA) to assist 
remed1al proJeCt managers (RPMs). mk assessors. 
Site eng1nee:-s. and others in using risk informauon 
at Comprehensr-.e Environmental Response. 
Compensauon. and Liability Act (CERCLA) sites 
to both evaluate remedial alterr.auves dunng the 
feasibility study (FS) and to evaluate the human 
health nsk associated v.ith the selected remedial 
alternative dunng and after itS Implementation. 
Pan C prO\'Jccs g.:nera! ~uJdance tc assJsi in S!:f· 

s'ret71ic mk e\a]~atJo'ns 'and to ma'intam t1exib!l1ty 
in the dec!S!on-making proce.ss. 

Risk assessment is one of many tools that 
RP~1s use m selecting the ~:fest remedy for a sne. 
Other important tools (not addressed in this 
guidance) involve the assessments oi technical 
feasibility, applicable or relevant and appropriate 
requirements (ARARs), cost. and 
impiementabiliry. 

This guidance is the third part (Part C) in the 
series Risk Assessment Guidance for Supcrjun.d: 
Volume I - Humar. Health E~·aluarzon Atnnun/ 
(RAGS/HHEM). Part A of this guidance (EPA 
1989g) describes how to conduct a site-spectfic 
baseline risk assessment; the informauon in Pan A 
is nece.ssarv background. for Pan C. Part B (EPA 
199lc) provides guidance for calculating risk-based 
concentrations that may be used. along WJth 
ARARs and other information. to develop 
preiimmary remediation goalS (PRGs) dunng 
project scoping. PRGs (and final re_mediation 
levels set in the Record of Decision [ROD]) can 
be used throughout the analyses in Pan C to assist 
in evaluating the human health risk5 of remedial 
alternatives. Exhibit 1·1 illustrates the maJOr 
correspondence of RAGS/HHEM activities With 
the steps in the CERCLA remedial process. 

The steps for conducting a risk evaluation oi 
remedial alternatives are discussed in generalterrru 
m Chapters 2 and 3; more detailed guidance for 
conducting short-term evaluations is provided Jr. 
Appendices A through D. (See the box in the next 
colur.m for a description of how the terms short-

.). 

SHORT-TER\1 RIS},; \'S. LO~G-TER.\1 RISK 

for the ;:;ur::xJse5 of :!'11s gu1danc:. s,-:or:-ie~r.: 
:-~K..s are therse tl"ia~ oc:::.J:- C'Jrt~~ :mptei.Jen~atJOrl ct 
a n::r.edtal alter:l:Hive. Sor.1e "snort-term· :-:s.:.s ~~~ 
occur aver a per:cx! of r;;anv years (e.;: .. r.sll: 
assoc1ated ""1th air stripper em1SS1ons ). rn ;:cntra.st. 
long-term n.sic.s are th~ that rer;;a!!-; after re;r.ecv 
1mplememauon \5 complete (1.e., re!>1dua\ mic.s'l 

term risk and tong-term mk dtfier 1n :t-.1s 
guidance.) The remamder oi thts chapter: 

presents the scope and an over.iew of Part C 

discusses the statutes. regulations. Jnc 
guidance relevant to the evaluation of 
remedial alternatives; 

describes appropriate levels of effort for rd; 
evaluations of remedial alternauves: 

discusses the importance of ~iSK 

communication: 

addresses the role of the RPM and the r1ee·..: 
for documentation; and 

presents the organization oi the remamder o: 
this documenL 

1.1 SCOPE :\ .. ~D OVER\lEW OF 
PARTC 

1.1.1 SCOPE 

As discussed in Section 1.2 below. some of :~e 
nine criteria that are descnbed m the Sa11onal 0:: 
and Hazardous Substance.s Pollution Contm~enc. 
Plan (NCP) and that are used ro evaluate remeu12. 
alternatives during the remedial 1nvcsr:gatk'r. 
feasibility study (RlJFS). involve a C1re~t esc ,·: 
risk-related information. Several as~c~s of t:C.:.:o:: 

cnter.a le.£ .. short-term nsks to workers ::'~ 



EXHIBIT 1-1 

RELATIONSHIP OF THE Hl.J~1AN HEALTH EVALCATIO~ 
TO THE CERCLA PROCESS 

CERCL\ R.E.\1EDIAL PROCESS 

Scapin& 
In~=:oo I!"""-[ I Remedy Selection I I R De " " I 

r------"-1 ~ &ndRecordol ~ emcdla.l Sl£n/ 

__ Fea.si_Srudy_bili_"ty---'~ 
1 

~noo I I Remcdla.l Acoon I 

HUMAN HEALTH EVALUATION MM'UAL 

I PART A 
Ba.sclinc Risk Asx:ssmcnt 

PART B 
Dcvclopmcn1 of Ri.slc-bucd 

Prcliminazy R.cmc:dWiac GoW 

PART C 
Risk Eva.ILWioo ol Remedial AlLcmauvcs 

.., 
-~-

Deleuoo/ 
Five-yeu Re~1ew ' 



.· 
s :urou ndmg comm um tv. ion g-term er iecuveness 1 

are d:scu.ssed m cetai! m th:s gu:dance. Other 
crnena that do not dtrectly :nvolve health ~ISK 

(e.g. :mplementability. cost l- wnh the excepuon 
of commun:ry acceptance- are menuonee briet1y 
but are not d:scussed in detail. 

Remeeial alternatives. in addition to be:ng 
evaluated ~or the degree to which they protect 
human health, are evaluated for their potential to 

protect ecological receptOrs. RA.GS/HHEM 
Pan C does not address ecological risk assessment 
(see tne next box). However, ecologtcal guidance 
specific to evaluating remedtal alternatives in the 
CERCLA program will be developed following 
finalization oi Agency guidance on ecological nsk 
assessment. 

E\'ALCATI:"iG ECOLOGICAL EITECfS Of 
RE!\1EDIAL ALTER."iATIVES 

Remedtal awor..s. by thetr nature, can alter 
or destroy aquauc a:1d terrestnal habttaL This 
poten[lal for destrucuon or alterauon of h.ab1tat 
and subsequent comequeoces must be evaluated 
w that it can be constdered dunng the $elecuon of 
a remedial alternative and dunng HS 

tmplememauon. 

This document does not address the 
evaluation of ecolo£tcal r~. Future gutd.ance for 
ecOlogical evaluations IS planned, however. AI 
present, ecologtcal evaluatiOns should be based on 
the best proies.s1onal JUdgment of experienel:d 
eco1og1sts and/or aquatiC or eoviroornenr.al 
tOXlcologLSts. 

Tne guidance in this document applies to sites 
contaminated .,.,ith non-radioactive hazardous 
substanus and those contaminated 'With 
radionuclides. Appendix D provides additional 
£Uidance specific to radionuclide sites. 

Note that this guidance is limited to the use of 
mk %sessment in evaluating remedial alternatives. 
Part C does not pro...,ide guidance on the risk 
manarement decisions that must be made when 
evaluating alternauves and selecting a remedy (e.g., 
balancing of the nine N'CP criteria. selection of 
final remedia~ion goals and levels) or engineering 
JUd);ments that affect the evaluation of alternatives 
(e.g .• determining whether an alternative is likely 
to a.:hicve remediation goals). · These issues are 

Jddres.)ed l:l 01:1er ;uHjJn..:e c:-- ~~· ~uJdJr..:e ::--.:1: 
cu~re:ltl\' IS be:ng Jt\eiopec. 

LL.: O\'ER\1EW 

The process of evaluating remedtalaitern:n:ves 
begins 1n the development anc screemne s:aee c1 
the FS and extends into the de:atied anal~"SIS s~a~e. 
The maior goal for the mk evaluauon du~ing th~se 
steps is to pro\1de decision-makers with speofi~ 
informatwn that they may need in chooszng among 
alternatives. Addiuonal nsk evaluations may need 
tO be conducted dunng the proposed plan. during 
the design and implementation of the remedy, and 
after the remedy is complete (e.g., during "fi,·e-year 
reVJews"). These activities are discussee below and 
throughout this guidance. 

Ex!;;bit 1-: summ:n tzes the levels of effo:1 and 
purposes of the risk evaluations of remedial 
alternatives. while Exhibit 1·3 illustrates when 
these activities take place withtn the context of the 
CERCLA remedial process. 

ldentil'iClltion and Screening of Technologies 
and Alternatives. Dunng this stage, a range oi 
remedial alternatives is identified. if necessary. and 
each alternative is evaluated with respect to 
effectiveness, implementability. and cosL This 
process may consist of two steps: (1) idemificatior. 
and screening of technoloeies and (2) development 
and screening of alternatives. These steps are 
often combined into a smgle step (as reflected In 
this guidance). Those alternauves that are clearly 
unfavorable relative to other alternatives in terms 
of effectiveness (e.g., very high perceived nsk) or 
implementability. or that are grossly excessive m 
cost are dropped from t.:onsideration after this 
screening. Part of the evaluation of effectiveness 
involves human health risk (e.g .. risks to the 
community and remea1ation workers). and Chapte~ 
2 of this document provides guidance on evalualln£ 
these factors. RA.GS/HHEM Pan C does not 
discuss evaluaung factors such as implementabiinv 
and CDSL 

· Detailed Analysis of Alternatives. During the 
detailed analysis stage, alternatives are evaluated 
according to each of the nine NCP e\-aluauon 
criteria, and then are compared to each other. 
Both long-term effectiveness (i.e., restdua! r:sk. ~ 

and short-term effectiveness (i.e.. mk to t!'le 
community and remediauon workc:-s dunn_r: 
remedy implementation) are evaluated dunng the 
detailed analysis. Chapter 2 and Appendtce.s :\ 



EXJIIHIT 1-2 

SIJMMARY OF HfSJ( EVALIJATIONS OF HEI\JEIHAL ALTEHNATIVES 

- ~---

I.EVEI. OF HFOHT" I'RIMAUY l'tiHI'OSE OF HJSK EVAJ.tiATJON• 

Shorl-ltrm I .1)111!-lrrm 
STA(;E Risk' IUsk Shorl-trrm IUsk' I .nn~:-tnm lti~k 

Srr.,rnlnl! uf Qunlitnlive ()unlifiltive Identify (nnd elimin:llc from corl.~iller;Hinn) ldcn1ify (nnd climinalc frnm rtli1\Hh:rii1Hlll) 

Altunntln!i nllernalivc:s w11h clearly unncceptnhlc ~hort-tcrm illlnnn11ves with ckarly unatu·plahk hm~-lt:1m 1t·.\, 

(Sccli<lll 2. I) ri~b. 
--

llrlnih·•l Annly~l!l Ouillilativc or Oualilnlivc or t:vahwtc ~hmt-tcrm risks of e11rh altnnative to l:valllilfl' long term {rc,idttill) ,.,~; nl cath :tltnn.tll vc 

nr Allnnnth't-'1 Ounntililllvc• (_)uam illll ivcJ tommunily ;111<1 on-site remediation worker.\ iilld its ahtlily 10 provule l'lllliiiHietl prulccttnn m•cr 

(Sl'Ctlllll 2 2) during implcrncnl;rlinn su thilt lhesc ri~b cu1 he 11111c so that lhc~c ri,ks ran he l'llllljli'r':tl :nl11111}; 
Clllllf1;11 .:tl illlll Ill); i<IIL'ril:tl IVl'~. ;•lit' I llillll'l'~-

-- - ~--- - ~-~-----

l'rupu,;t·d l'l:tn (Jualllilltve nr C)ualil:llive nr l!t:lilll' prcvi<HIS :lllill)'SC~. iiS llCC1kd, llii\Cd 1111 l!eflll<' prcvio11~ ill1<tl>·~c~. "' ucnkd, /1;1\cd 1111 ""''' 

( ScCI inn .l. I) Ounnlilllllvc4 (]unnlil<illl'l!d Ill'\\ ly llcvclt lj"K:ll inltlillli<litlll. <lcvclcljlt:d inforlllnli.,ll. 
- ---

ltrcnnl ur llrd~Jnn Ounlit<Uive or {)ltilhtntivc or Document shml -term ri~ks lhnl may on:ur Document ri~ks lhnt llliiY remain nlln nHnpklillll , 

(Senion 1.2) Ouunlilative• ()llnnlilativ~;d durin); remedy implcmcntillinn. remedy lliHI !letnmine need lor ltve -yr:u rcvwws. 

I 

()unlil<llivc nr nc line previous analyses, a~ needed, and Hcfmc prcvim1s ill\illyscs, as ncctlt:d, ;n1d i1lt:n11!y Hfn~t·•li"l \lro;l~:n {)ualit:IIIVC or 
(S~t:t1nn 1.1) Ounlll ifni ivc4 Ounnlitarrvc4 idenrify need for cnginccrinll conlrols or ulhcr need for cnginecrinll controls or nlhcr rnt·asurr'> 111 

llll'<ISIITCS IO mili~ale risks. nH11ga1c risks. 

Jlrmrdlnl Adlon Oullnltlnlivc Ounntllnlivc Ensure protection or workers 11nd cnmmunuy hy t:v;!lu;lle whcrher remcdr:llion lcvch sp•·niil'll in 
(Sec I ion 1.1) monitoring emis~ions or CKposurc HOD have lleen allnincd nnLI cvalu:tle residual "' 

conceutrntions, ns nee1led. nllcr complerion or remedy to cnsurc prtllrrtrv•·•ll'' 

Fln-yrnr Hrvlrw Genernlly nor ( )unnr ir;ll ive Gcncrillly nol npplicahle. Conlirm lhOJI remedy (includn1t: ;lily cn~lnccnng • H 

(Section 1.4) applicable lmllluttonal cnnlrnl~) rcm;-,ins opcra11onal :.nd 
lunnumal :1nd evalualc whether Clciln-up Sli111tl.tlll 
;1rt: slill prm~:crivc. 

- -- -- -- ... -

·' 1 cvt:lnl cllort (i c, qunhlattvc or qu;tnlll<lllvc) refer~ only 111 tin: kvcl o! risk rvahtOJiion that i~ );1'111'1 llv np<Tird I cvl'l~ ntllcr llwn lllll\t' prc\CIII< d IJt'll·, 111 
wmhinations nr level~. :lre possible. Sec the ITJOtlll le~l ol thi~ lhiClllllCnl for cidrlitional di~u~ion on level or dlorl 

)' 

,, 

1
' ('urpmc prc~nllcd 111 rhis exhibit lor c;tdl sragc rs only the rr!!l)!!!}' purpmc; other purposes may ni'l. Sec I he 111;11n In I ol !Ius dll(lllllt:nl lor ;Hidrll<lli.d tt11•111ll.tll< 111 

1,1\ II tll1 2 l'llll 1 1( Hl\ ' "llt'l'dt•d loll lhl'\1' \lilgt'\ 
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EXIIIHIT 1-3 

HISK EVALUATION OF UEMEIHAL ALTEUNATIVES IN TilE 
CEUCLA PROCESS 

r------------------------------ ----------· --- --- -- --- ----~-

STAGES IN UEMEiliATION 

Remedial l 
lnvrscication _j 

[ja-:ihi~i-~~-
Study 
----~ 

-~ Sdcclion or]_ ~--1 ""~'"';"' nes;o:ul 
Hernedy HcmL·dial thlion 

'----- ----- ----~ ----

--------------

STAGES IN EVAUJATING HEMEDIAL ALTERNATIVES 

~
-------

,--------~--

Evaluate Risks 
Outing Scrttnin~: 

and Hetnilrd 
Analysis ol 

Alternatives 
~-- ---------

--~ .. 
Develop Proposed 

Plan and 
l>ocurnenl Risks 
or Allerm1tives 

in Rtcord of 
llecision 

Evaluale Jbks 
>urine Rc 1-·H'dial 
>esign/Rer•: ~··ial 

________.... A c I i nr· 
-- --------~--

l
-------- --- --------

Evaluate Allainn~nt of 
_.._ Final Cioals and 

Rtsidual Risk 
--- --------- --------·-

·. 



through D of thlS document prov1de gu1dance on 
the e-;aJ~Jtion of the nsk-related aspects of lon~
le~m efiectlveness (residual mk and permanence). 
Jr.C shon-term effectJveness. (A.s wnh the 
screen1ng of alternatives. Chapter 2 generally does 
not discuss evaluation oi the other crnena. whtch 
de not directly involve human health nsk 
considerations.) The resulting risk information is 
tncorporated into the overall detailed analystS 
process described in the Gui.ciance for Coruiucnng 

Remedial /m'esrigarions arui Feascbihty SrudJLS 
Cnder CERCLA (RI/FS Guidance; EPA 198&). 

Proposed Plan and ROD. Risk evaluations are 
generally conducted during the development of the 
proposed plan and ROD only when nev< 
information concerning nsk.s of the remedial 
alte~natives is generated. Chapter 3 provides 
guteiz.nce on the evaluation oi risks for the 
proposed plan and ROD stage. 

Remedial Design/Remedial Action (RD/RA). 
Risk-related evaluations may also be conducted for 
some sites during implementation of the selected 
remedy. These activities, discussed briet:ly in 
Chapter 3, include: (1) refining ri.sk evaluations as 
necessary when designing the remedy; 
(2) monitoring potential shon-term health impacts 
on the community and workers: (3) assessing 
attainment of final remediation levels selected in 
the ROD: and (4) evaluating residual risk.. 

Five-year Review. Under the NCP, five-year 
rev1ews are required for sites as long as hazardous 
substances remain onsite above levels that allow 
unlimited use and unrestricted exposure. and are 
also conducted as a matter of policy for long-term 
remedtal action sites even if no hazardous 
substances are expected to remain after completion 
of the action. Chapter 3 briefly addresses the 
consideration of risk dunng five-yea:- reviews. 

1.2 RELEV AA'T STATUTES, 
REGULATIONS, AND 
GUIDANCE 

.-\.5 discussed in RAGS/H...Y.EM Pan A. there is 
a hierarchy of requirements and guidanc:: in 
CERCLA beginmng with the laws enacted by 
Congress. followed by the regulations. and then the 
guidance developed by EPA This section 
addresses this hierarchy within the context of the 
mk evaluation of remedial alternatives. 

-6-

1.:.1 CERCL-\.SARA 

CERCJ......!. .. clJmmonl\ wlied Su?errt.::-.c .. ,.as 
enaczed r; Ccnpess n: 1980 1:1 respoP.se to zr:e 
dangers posed by sudden or o1herv.·1se uncontroiku 
releases of hazardous substances. ?OIIutants. tY 

contamtnants mto the en-..1ronment. -:ne 
Superfund Amendments and Re.1uthonzauon Act 
(SARA) was enacted in 1986. fAll reierences to 
CERCLA. in this guidance should be Interpreted as 
"CERCLA as amended by SARA") 

Secuon 121 of CERCLA requ1res that 
remedies be protecuve of human heanh and the 
environment. satisfy ARA.Rs. be cost-effective. and 
utilize permanent solutions and alternauve 
treatment technologies ro the maximum extenz 
practicable. Section 121(c) of CERCLA requtres 
a periodic revtew of remedial acuons. :H lcasr e\'ery 
five ye.1rs afler tnitiation. for as long as hazardous 
substances that may pose a threat to human health 
or the em1ronment remain at the site. -:he 
information in this manual provides guidance for 
evaluatmg the protectiveness of remedial 
alternatives at a site in terms oi the human health· 
related aspectS of these CERCLA requirements. 
Some con.siderauons include protecuveness. 
effectiveness in terms of risk reduction. and degree 
of hazard for substances remaining at the site. 

1.2.2 NCP 

The NCP is the mam set of regulations 
developed by EPA to implement CERCLA. lhe 
most recent NCP was published on March 8. 1990 
(55 Federal Register 8666--8865) and is coditiec at 
4D Code of Federal R~tions (CFR) Part 3C( 

Section 300.430(e)(l) of the NCP describes a two
stage evaluation of remedial alternatives: a 
screening evaluation of a range of alternatives. 1f 
necessary, followed by a det.a!led analy-sts of the 
most promising alternatives. The t'OCP also 
describes activities that follow :.eltttion and 
implementation of the :.elected remed1al 
a! tern a rive. 

_ ·Screening. NCP secuon 300.430(e)('7) 
indicates that. if nea:ssary and w the extent 
sufficient information is available. alternatives 
should be screened out if determined to t->e 
ineffective. not implementable. or grossly excessJve 
in cost. Some aspects of effectiveness invuive 
considerauons oi human he:ilth risk and a;e 
discussed in this guidance. 



Detailed An;~lysis. The :"CP establtsnes n1ne 
G1ter1a m se.:uon 300.4301e)(9)1iii) w use m 
evaluaung alternauves m detail and m sele~ung a 
re:nedy. Parts of three oi these cntena -overall 
protecuon of human health and the environment. 
long-term effectiveness and permanence. and short
term effectiveness - directly relate to nsks and 
therefore are the focus of this guidance. The 
a~tual selection of a remedy for any gtven sne 
ultimately is based on cons1derat10n oi the n1ne 
cntena. This gu1dance also discusses the 
importance of nsk communication to the 
community as n relates to the cntenon of 
communlly acceptance. 

Five-year Reviews. NCP section 
300A30(f)( 4 )(ii) provides that if a remedial 
alternative is selected that results in hanrdous 
substances (or pollutants or r:ontarn,!'ar.'s) 
remaining at the site above levels that allow fur 
unrestncted exposure and unlimited use. such 
remedy should be re\iewed at least every five years 
after imtiation of the selected remedial alternative. 

1.2.3 OTHER RELEVAI''T GUIDA..li,/CE 

Three CERCLA program documents are 
important background for the guidance presented 
in this document - R.A.GS/HHEM Parts A and B 
(EPA 1989g; EPA 199lc), and the RlJFS Guidance 
(EPA 198&). Parts A and B provide guidance on 
conducting a baseline risk assessment and on 
developing nsk-based concentrations. respectively. 
that should be used in evaluating remedial 
alternatives. The activities conducted during a risk 
evaluation of remedial alternatives are somewhat 
s1milar to the activities conducted during a baseline 
risk assessment (Chapter 2 discusses in more 
detail the Similarities and differences.) The Rl!FS 
Guidance describes the major activities and 
analyses that are conducted during the Rl/FS. See 
the references at the end of this document for 
other relevant background guidance. 

1.3 LEVEL OF EFFORT 

The level of effort for risk evaluations of 
remedial alternatives depends primarilvon the site
soecific ouestions that must be answered in order 
to select and implement a remedv. In addition, 
site-specific factors such as the complexity of the 
site. the number of alternatives considered for the 
site, the available resources, and the amount of 
available data may affect the level of effort. In 
most cases. a qualitative rather than a detailed 

• I. 

quanutauve eva!uauon of botn lung-tcr.--, Jr.-.: 
short-term nsks 15 all that 1s needec to se;ecl ::-.l' 
most appropnate alternauve. A auanrl!ame r:q; 

eva!uauon oi remed1al al!e~natJVe5 wtl! not nee::\; 
be conducted for all sites. in ali c.Jses. the b:.!seiJne 
nsk assessment prov1des much o: the mk-relateJ 
tnformauon needed for the detatled ar.alys1s o: 
alternauves. espec1ally for those alternauves t:-.at 
involve limned or no acuon. 

For many sites, the nsk evaluauons of 
remedial alternauves during the FS are conducteC: 
in a qualitauve manner. That ts. the r:sr; 
evaluations during both the screenmg and deta~!ec 
analysis stages for these sites will not be at all 
quanmanve. At other sites. a more quanmattve 
analysis of the long-term and/or short-term nsks 
associated with the remedial alternauves rna' te 
:-:~e..1ed during the detailed .:maiys:s. b these 
Situations. the risk evaluation generally needs to 
incorporate more site-spec1fic information. 

A guiding pnnciple is that the risk evaluauor. 
should be tailored to prov1de the RPM wnh 
specific information that he or she needs for 
supporting the selection or design of a remectv 
(e.g., the relative risks a.s.sociated -with alternauve.s. 
the alternatives that best meet the remed1at1on 
goals). Because of the differences in information 
needs and available data for sites, in the complexnv 
of sites, and in available methods, models. and 
resources for evaluation, a!! of the components of 
this gutdance will not be applicable to all sire.s. 

Chapter 2 provides some additional factors ro 
consider when dedding on the level of effort to 
use for the nsk evaluation of remedial alternauves. 

1.4 IMPORTANCE OF RISK 
COMMUNICA TIO~ 

As noted earlier. while overall protecuon o: 
human heallh and the environment is one of tt1e 
threshold criteria established by the NCP for use m 
evaluating alternatives and selecting a remed· .. 
community acceptance of the remedy ts ;, 
modifying criterion (NCP section 300.430(eliol 
(iii)). The CERCLA program encourages and 
promotes public participation during all phases o: 
the decision-making process at CERC:...A stte.'C 
Just as risk information is used by RPr-vts and othc 
EPA staff to assist in evaluation of remeC1J: 
alternatives during the FS and to evaluate 1.~:? 

selected remedial alternative during and ·afte~ 1t2 



I:7~Diementauor .. nsk miormauon also wtil be 
emp1ovee by the public in their acceptance of a 
selected remedy. Good commumcauon of the nsk.s 
of the remedy to the public is crucial to the 
community's acceptance of the remedy. 

There is no single procedure for good risk 
communication. The actual mechanism used and 
the messages delivered v.ill vary from site to s1te 
and will de?end upon the public, their level of 
concern, the complexity of the site, the 
contamtnants of concern. and the proposed 
remedial alternative. RPMs are encouraged to 
work wnh the risk assessor and community 
relations coordinator for the site to develop the 
appropriate means to communicate risks from the 
remedial alternative or any residual risks. RPM.s 
should consider using fact sheets, public meetings, 
and the release of draft documents or "risk 
communication" summaries as vehicles for risk 
communication. Communirv RefariiJns zn 
Superfund: A Handbook (E?A 1988a) offers 
guidance on planning and conducting CERCLA 
community relations activities. 

Regardless of the vehicles chosen for risk 
communication, the following rules, from Seven 
Cardinal Rules of Risk Communica!Wn (EPA 
1988f). should be kept in mind. 

Accept and involve the public as a legitimate 
partner. 

Plan carefully and evaluate your efforts. 

Listen to the public's specific concerns. 

Be honest, frank. and open. 

Coordinate and collaborate with other credible 
sources. 

Meet the needs of the media. 

Speak clearly and with compassion. 

A5 provided under the NCP, risk 
communication, public paruc1pation, and 
community relations at CERCLA sites begin well 
before the remedy selection phase. This is 
important, as communities near CERCLA sites 
may begin with a degree of outrage that must be 
addressed before effective communication C3n 
begin. Communitv relations, public involvement . 
.:Jnd gooc risk communication continue throughout 
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tne R.I.rS process. A well-tniormea publtc ..... Ill ~·e 

t-eller aole to comment on- anc orov1de n::Jut ~c 

- tecr.n1cal oectstons. EstabliShing creCiblli:\ 
througn community relauons. public partiClpall~n. 
and effective nsk commumcauon pracuces early l:i 

the CERCLA process le.ad.s to greater communll\ 
acceptance of the selected remedy. 

1.5 ::V1Al"AG E!\1E:"T A. 'D 
DOCUME!\1 A TIO ~ 

One role of an RPM in the risk evaluation of 
remedial alternauves is to make risk managemen: 
dec:sions. The RPM must have a comorehenSI\'c 
understanding oi the risk evaluation in order tO 

make these decisions. The first box on the next 
page provides questions that RP\1.5 and other 
decision-makers should ask about the ris~:s c! 
remedial alternatives at their sites. The seccnc 
box provides guidance on where to document the 
evaluations addressed in RAGStHHEM Part C. 

1.6 ORGk'\;IZATIO~ OF THE 
DOCUME~T 

The remainder of this guidance is organized 
into two additional chapters and four appendices. 
as follows: 

Chapter ..,. Risk Evaluation During the 
Feasibility Study; 

Chapter 3: Risk Evaluation .AJ'ter t:-:e 
Feasibility Study; 

Appendix A:. Selected Remediauon 
Technologies and Associated Potential 
Releases; 

Appendix B: Guidance for Quanllf:.'Jng 
Potential Releases from Sdected Remediauon 
Technologies; 

Appendix C: Short-term Toxicity Values; and 

Appendix D: Radiation Remediation 
Technologies. 

In addition, several boxes, such as those below. 
provide useful information. A second kind of box. 
a "shadow" box, provides case studies. These boxes 
are present.:!d at the end of Chapter 2. 



Ql'ESTIO'IS RP~ls SHOL'LD ASK ABOUT Hl'!'I-1A."' HEALTH RISKS OF RE:\1EDIAL ALTER .... ATIYES 

Wh1ch re.:nnoiogJes car. reao11v ac!"l!eve all preummarv remeo1auon gc~<HS i P RGs ·, 1:: a ::,e;. r.-:ec:u;-;-;' \\ ~2: 
L.:r.cenatnues are tnvo~·ea tr. ::-Hs aete~rr.:~atJcr...., 

Vv'h1ct: alte:;Jauves '>~-111 cleam· :'lOt adoress the s1gn1f1cant hurr:an e:ocsure ::;a:::wavs 1C:e:-:::f.ec n; :~e ~~s.e:me ~:s~ 
assess mer.: : 

What otner nsi::-~d be:Je:!tS I e.g .. shone:- t:me tc ac!11evmg gcals) are rea::.zec t-v ~!e::::r:; one a!:e~:::1::1·e eve: 
:HJother? 

Will m:plememat10n oi sr:x:c:f1c technologies create r.ew chemicals oi cor.ce:-r: or r.ew 515-Jificanr exoosures or r:s0 
for the surroundtng cor.-Jmunity' 

Is there a need for engmee:~ng controls or other measure.5 to ~~u~a:t": rlSK5 cur;ng Jrr::;iemen:auon~ :Ve s·~~:-: 

·:CJntrois available? H()l,l.· reliable are th~ ccrmols? 

Does the remedial altemat1ve result m hauroous s~.:bstances rerr:amm~ at :ne s1:e su::~ t!':at a :·ive-year rev1ew cr 
rev1e~ would b<: requrred? 

DOCUME!\"TATION Of RISK EVALL'ATIO:"<S 

The nsK. evaluation conducted dunng the development and s.:reenmg o: altematrve.5 (~ct1on :!. 1) and dunr.g the 
detatled anatysLS of altematrves (Secuon 2.2) should be documented m tt:e FS. 

The proposed plan (SectJoo 3.1) should contam a summa11· ot the mk: evaluar1ans for :ne alternatives, m~:·Jdm; 
any ne-w nsk mformauon Jdenufied dunng development of t!:e propc:sed plan. 

The ROD (SectJOo 3.2) should contam the resultS of the nsi:: evaluauon.s of the a!te:-nauves anc the p~efe~~ec 
altema:rve, mcludmg any results developed since the proposed plan. 

Any Significant changes idenu!ied dunng RD/RA (~c11on 3.3) m the n.s}( evaluauo~ shoulC be documer.ted 1 e.f. 
10 a memorandum). 

Each five-year rev~ew (Section 3.4) should contam a statement or. protec:rver.ess anc. :: :;ec=rv. a re:a!cu',atJon 
of nsk: and/or a new nsk: as.sessmenL 
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CHAPTER2 

RISK EVALUATION DURING 
THE FEASIBILITY STUDY 

The FS generally is a two-step process ot 
evaluating remedial alternatives: (1) screening. If 
necessary. and (2) a more detailed analysts for 
those alternatives that pass the screentng. The 
RI FS Guidance prov1des informatiOn on 
conducung the FS and describes all oi the 
e•:aluauor.s that are periormed. Some of these 
evaluations pertain to human health mk. and the 
gutdanc.e In thiS c!1apter ass1sts in these 
evaluations. !Ecuio~ical effects of remedtal 
alterr.auves - not discussed in RAGS:"HHE\1 
Part C- also must be considered dunng the FS.) 

2.1 RISK EVALCATION DVRING 
DEVELOPMEJ\1 A.~D 
SCREE~ING OF 
AL TER"A ffi·'ES 

The overall objective of the development and 
screen1ng of alternatives is to identify an 
approprtate range of waste management options. 
some of which will be analyzed more fully in the 
detailed analysis phase. This process usually takes 
place relatively early in the RL'FS process. during 
project scoping (before the baseline risk 
Jssessmenr is completed). 

The NCP speClfies that the long-term and 
short-term aspects of three criteria -effectiveness. 
1mplementability, and rost - should be used to 

guide the development and screening of remedial 
alternatives. At screening, those alternatives that 
are clearly unacceptable in terms of effectiveness 
or implementability or are grossly excessive in cost 
may be eliminated from further consideration. 

Consideration of eff~tiveness involves 
evaluating. the long-term and short-term human 
health risks -among other factors -associated 
with a remedial alternative. The criteria of 
Implementabiliry and cost are not related to risk 
and. therefore. are not discussed in this document. 

1 I 
-..~. J,-

~-!.1 CO\'SIDERATIO~ Of LO~G-TER.\1 
HCl\tA~ HEALTH RISKS 

The long-term human health nsks assoc:a:e~ 
with a remedial alternauve are those nsks tt·.ar v.dl 
remain aner the remedy is complete (i.e .. res1duai 
risks). Evaluaung long-term n.sks might Ideall~ 

tnclude an assessment of the risks assoCiated votrh 
treatment resillPJls and untreJred wasr~ 1 fer a 
tream,ent-based re.nedy). vr ::lfJ cvaiua!lon of :!-:2 
remedy's ability to provide protecuvenes.s over tir.1e 
(for a containment-based remedy). This approacn 
might s1mply involve rompanng esnmates of the 
final concentrations that a remedy is expected ro 
achieve In a medium .,.,'irh the PRGs for rhose 
chemicals 10 thar medium. At the screening stage. 
however, this evaluation typically is based on 
professional judgment and the experience of the 
CERCL\ program sraff. Quanufy'ing residual risks 
during screening generally is nor necessary. for 
example, a technology may be evaluated durmg 
screening for its potential to treat the classes- or 
treatability groups -of chemicals pr~ent a: the 
site (e.g .. volatile organics, halogenated organ11.::s. 
non-volatile metals) rather than irs ability to meet 
chemical-spectfic PRGs. See SeC1lon :.2.1 for 
additional information on long-terrr: r~sks 

assoctated wuh remedial alternauves. 

1.1.2 CONSIDERATION OF SHORT-TER.\f 
HU~t.\.."'1 HEALTH RISKS 

The short-term human health nsks asso.:::1ate:::! 
with a remedial alternative are those nslcs tt·.at 
occur during Implementation of the remedial 
alternative (e.g .• risks associated .,.,'ith em1ssions 
from an onsite air stnpper). Because some 
r_!!medies may take many years to compiete. some 
"short-term· risks may actually oc...--ur ove~ a penoc 
of many years. Populations that may be exposea tc 
chem1cals during remedy implementation I:JCil.lde. 
( 1) people who live and work in the v1cinity o: t~e 
s11e and (2) workers who are 1r.voived ir. Site 
remediation. .-\s vmh the .:::on.siderauon cf io;,;:. 
term riSks. thiS evaluation lS based prirt::mly o~ 



many stmplifying assumptions and or. professional 
Judgment ar the screenmg stage and is intended to 
icenrify alternatives .,.,1th clearly unaa:eptable 
short-term risks. See Section 2.2.2 and Appendices 
A. and D for additional information on eva!uaung 
Jilernatives for shon-term risks dunng screenmg 
Jnd development of alternatives. 

2.2 RISK EVAL"CATIO~ DURr'~G 
DETAILED ANALYSIS OF 
ALTER~Affi7J:S 

The overall objective of the detailed analysis of 
alternatives is to obtain and present the 
information that is needed for decision-makers to 
select a remedial alternative for a site. This 
detailed analysis usually takes place during the 
later stages of the RIJFS process (i.e., near the end 
of or after the baseline risk: assessment when 
PRGs may have been modified). As discussed 
previously, two of the balancing criteria assessed 
during the detailed evaluation - long-term 
effectiveness and short-term effectiveness- involve 
an evaluation of risk.. In addition, these criteria 
are considered in evaluating the criterion of overall 
protection of human health and the environment 

The risk evaluations of remedial alternatives 
involve the same general steps as the baseline risk 
assessment: exposure assessment, toxicity 
assessment, and risk characterization. The box on 
this page discusses the connection between the 
baseline risk assessment and the risk evaluations of 
remedial alternatives. 

The guidance provided in tllis section assistS in 
assembling and using available site-specific 
information for the purpose of completing the 
detailed analysis of remedial alternatives, 
s pectfically the evaluation of criteria that penain to 
human health rislcs. The box on the next page listS 
several sources of information that can be uSed in 
the risk evaluations that are conducted during the 
RVFS. The box on page 14 addresses the question 
of whether a quantitative evaluation is needed. 
The case studies at the end of this chapter provide 
examples of a qualitative and a quantitative 
evaluation of long-term and short-term risks during 
the detailed analysis. 
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CO/I."!"ECTIO!" BETWEE.."' THE BASELI~E 
RlSK ASSESS~...,.,- A.""'D THE RlSK EVAL
lJATlON OF R£.\1EDI.AL ALTER"'ATIYES 

A rut e-valuauon of remeaJal al:emauves 
follows the same general steil> as a baselme rLSI< 
as.sc:ssmenL De:.alied iruldanc:t: on eacn steo 1s 
prOV1Cied u: RAGS/HHEM Pan A. wh1cn ~us; tx: 
revJeWC:d anc u::aersrOCld bv rne r..sr as.ses.so~ 

before a n.s~ e-o.-a1uauoo of re::ned!al alte:-nauves LS 

conducted.. Note. however, tllat the ba.Sellne riSK 
as.sc:ssment [)piC21Jy IS more quanmauve and 
requtreS a higher level of effort than the riSk 
evaJuauoo of remedial aJtematrves.. Other 
difference:. (and sunilanti~) are l.lsted below. 

Enluau Exposure (Pan A - Chapter 6) 

The source of rei~ for the ba.Se!me nsk 
assessment is untreated s.ae con:.ammat1on 
while the SOI.lrce of releases for the e-valuauor. 
of remedial aJternai.NCS is Ule remedial acuon 
1 t.se If (pi u.s any remai.DJ..og '11.-ast e ) . 

Exposure pathways associated wl!h 
implementation of remediation tectmologJ~ 
may i.cclude some patbways and populations 
that were oa present (or of concern) u naer 
baseline cooditiocs... 

• ·The evaluatioc of s.hort-term exposur~ 
assoaated vmb remedial alternaoves r.1ay 
coo.s.ider a number of different release:; tnat 
occur over varying duratioln. 

Eftluate Toxk:lty (Pan A - Chapter 7) 

The n:s.k evaluation of remedial alterr.atrves 
often~ ~han-lifetime cxposu~ tt~at 

~uire appropriate sbort-term tOXJclty values 
to characu:nze risk or haz.arc1.. 

The n:s.k evaluation of remedtal alternatives 
may include an analySis of cbemlc::als that were 
not pre$Cnt under baseline condmon.s (1.e .. 
created as a r~ult oft~ rernedtaJ al!emarrve ;. 

Cbaracteriu Ri.ska (Part A- Chapter 8) 

A risk evaluatioo of rernedl3.l altematrves 
generally ronslders nsb to omne worters. as 
well as nsb 10 t~ surrouoc!mg commumry. 

There are additiooa.l unc:t:rtaiotl~ mvotved m 
evaluating rub of remedial alternatrves t:"lat 
are not comidered in tbe baseline nsk 
as.ses.smen1 (e.g_, confidence m performance or 
remedies and patterns of predicted releases.. 
rontidenc:e i.e auatnment of dean-up levels). 



SOURCES Of L~rOR.\f.ATION FOR RlSK E\'ALt.:ATIONS DURlNG THE fS 

Ba~iine Risk Assessment. Much of the data collecred dunng the baselme nsi: ass.e.l.Sment can ai.so be us.:.d 
ro calculate the long-term restduaJ nst 3SSOC'l.ated '1!.1th a remedial alternauve. Some of the data may be apouC3~te 

ro caic-..:tauon of n.sts dunng the remed~al actton. Some of tbe mformatton from the basetme nsk: ass.e.l.Smec: that r;:a\· 
be usefui for anarvzmg the nsts assoc1ated v.1th the re::necl!al al;ernatrve rnclud~: 

• exposure sewng. mctudmg exposed populations and future land use (RAGSIHHEJ,.{ Part A Secrton 6.2); 

• t:X]XlSUre pathways, includmg sources of coota:runauon. chemicals of cona::m, fate and transport of che:m::aJ.S 
after ret~. and e:cpa;ure potnts (RAGS/HHEM Part A Secuoo 6.3}; 

• general exposure considerauo~n. toclud.ing coota~ rate. exposure frequency. and durauon (RAGS:HHEM 
Part A, Sectton 6.4 ); 

• exposure ::cr:ce:mations. inclSL:ing monitoring da:.a. r::Jodeting results. and medta-s!XCiik r:.sul:.s 
(RAGS,HHEM Part A Setilon 6.5); 

• e.s:1mates of chemical mtai:e (RAGSIHHEM Part A Section 6.6}; 

:o:ocay mfcr:natlon (e.g., chaogC$/addiuons to Integrated Risk lnformauon System [IRIS] and Health EE~.s 
As.scssmem Summary Table;, (HEASTJ) (RAGSIHHEM Part A Chapter 7); 

• quanutauon of nslcs (RAGS!HHEM Part A Secuon 8.6); and 

• uncertainues 3SSOC1ated v.itb toxicity 3SSCM!Dent. exposure ~em. and baseline r..st: charactenz:mon 
(RAGS/HHEM Part A, Secuons 6.8, 7.6, and 8.5). 

TreaClbility Studies. Treatability invesugatiom are site-speofic laboratory or field studi~. periom:ee enber 'llo1Jb 

laboratory screenmg, bench-scale, or pi}Ot-&ea.lc: study (see Section 5.3 of the RI/FS Guidance). Geoenc studJ~ for 
rechnologJ~ (e.g., those performed by a vendor) can aiso cootain useful infonnatioo. Treatabiliry studJ~ may prtJVlOe 

ns(-related data such as (1) infonnauoo on s.llon-term em&IOO.S and (2) inionnatioo on removal effic:ienCl~ of a 
technology. This mformattoo may be ~peaally useful when consadering tnnovauve technOiogJes.. Guidi! ro Coruiu.c::r.~ 
Tmuabihry Srudies W\du CERCU (under development by EPA's Risk Reducuon Engmeenog Laboratory) prOVIdes 
a three-uered approach to conducting treatability stud!~ during screerung, selecuoo, and des1gn of remec:al 
altema11ves. Chapter 5 of the RlJFS Guidance, ~peoally Secuoo 5.6, prOVIdes mformauoo on evatuaung ::Je 
applicability of the treatability study results (e.g., determmauoa of usefulness. documentation. usefulness of res:dL:al 
mformat:on. appl1cauon of laboratory/ beochlpllot s.rudies m full-scale system). 

Feasibility Studies or Othn-~(Of' Comparable Sites. U a risi: evatuauoo of one of the alternauves be::Jg 

COI15iderec "'-as conducted dunng the FS (or later stag~) tor a s1te wllh .s~m!lar wast~ and S1m1iar cond!llo115. s.:::!':lc 
of the information ttlat was developed may be helpful in cnaracu:rizmg the snon-<em or tong-term r..sks a..ssoc-.atec 
wah. that attemartve. 11m type of iniormauoo ~ould be c:xammed carefully to determtne wnether the anat\-ses are 
appmprtate for the sue currently betng evaluated. Differences tn the [)'?C3 of hazardous substances presc~t. 

cnaractensw:s or envtronmemaJ media, meteorotogu:al coodu.iom, tocauoos of receptors. or other tacmr;. could re~~i: 
m iarge differences m the nsk evaluauoo. 

The Engmeenng and Technical Support Center of EPA's Risk Reduction Engioeenng LaboratOry (513-569--: .!f'J6 
or FTS ~-7.106) can provide informauon concerruag rreatabiury studses and evaluauoos of remed~JI te::nnolog:es. 
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fACTORS TO CO:"SIDER WHE~ DECID!:"G 
WHETHER A Ql.:A."'TlTATJ"\'E RISK 

EVALCATION IS NEEDED 

The de::1S10n of whether to conduct <1 

~uanmatrve or quahtatrve riSk evaluauon depencs 
or.: (l) whether the~ shon-term or long
t~:-:-:: efie::nveness o: alremattves IS an 1mponani 
con.stderatJon m ~le:::mg an anernacrvc: anc (:)the 
"pe~c:c:tved rule" a.s.socJated \l.1th the alternative. 
The perceived nsk m::ludes both the profess1onal 
;~.:dg!":lent of the sae engineers ana rule assessors 
~:;c the concerns of ne1ghbonng communmes. 
Some iactars that gene~ally lead to a higher 
perceived ruk are as foliO\\'S: 

cto~ prOX!mtcy of populallon.s; 

;:'>~s-.::-::e of htghty or acutely tOXJc chemtcals: 

:ecr:.r.ciO~les .,.,111": h1gb release potentl3l. either 
planned or "ac:::1dental"; 

r.:gh uncenamues m the nature of releases 
(e.g.. amount or 1denmy of com.ammants 
released) sucn as mtght emt with use of 
cerram mnovatrve tectlnologJes; 

c:JUitiple comammants and/or exposure 
p:!th.,.,<~ys affectmg the same indMduals; 

multiple releases occumng ~1mult.a.neousty 

(e.g., from technologJes operarmg m CIC6e 
prox1mtcy); 

multiple releases OC.."l..ning from remedial 
8Ctlons at several operable uruLS m clC6e 
proXJmlt)~ and 

r~!ea-;e:; OCC'Jmng over long penods of ume. 

If COr!Stderatioc of these (or other) factors 
le:ld.s to a high perceiVed rut for an alternauve, a 
more quantitatiVe evaluattoo, i.odudmg emiSSIOil 
modeling and/or derailed treatability studi~ may 
be helpful in the derision-making proa::ss. For 
example, 1f one alternative coosidered for a sae 
mvotves extei"ISIVC ext:aVatioo i.o an area that is very 
close to residenual populatiom, then a more 
qt;anu: .. :mve evaluation of sbon-tern: nsb may be 
needec to evaluate thiS alternative. In addttion, 
other factors. such as a-..'atlable data and resources. 
may affect tt:e level of· detail for these nsk 
evalt;JtiOr!S. 

- i ~-

:.:.1 [VALLA TIO:'\' OF LO-..;G-TfR._,1 
HC\t-\-..; HEALTH RISKS FOR 
DETAILED A.II.,.ALYSIS 

Evaluation of the lone-term hur.~an heairn 
nsks associated \.l.lth a remedial Jlternat:ve 
involves: (1) evaluatmg residual mk ana 
(:)evaluating the alternauve's abi!irv to pro\1Je 
protection over tJme. 

Evaluate Residual Risk. Because P R Gs 
generally are based on chronic human health rrsk 
.:onsiderations (e.g.~ A.RARs such as ma:<lmum 
contaminant levels (.\1CLs'l, or mk-based 
concentrations). they usually provtde the standard 
to use to evaluate long-term health nsks. When 
site engineers are developmg alternatives and 
determining whether a technology ts capable of 
achteving PRGs. they are in effect evaluaur.g 
residual risk. (Therefore. the results from using 
RAGS/rlHEM Part B and other guidance on 
remediation goals are very important for thiS pan 
of the analysis.) 

Most of the ume it will be Sl!fficient for the 
detailed analvsis to indicate whether or not an 
alternative has the potenuaJ to achieve the PRGs. 
rather than to quantify the risk that will remam 
after implementation of the alternauve. If more 
detailed information concernmg long-term ruk is 
needed to select an altemauve (e.g .. to determine 
the more favorable of two otherwlSe similar 
alternatives), then it may be useful to determme 
whether one alternative is more certain to achteve 
the PRGs than the other. whether (Or to what 
extent) one may be able tO surpass (i.e .. achteve 
lower concentrations than) the PRGs. or whethr 
one may be able to achieve the goals in a shone. 
:tme. 

Certain remedial technologtes (e.~ 

incineration) may produce new contammants tn::. 
were not present at the site under basei1:: 
conditions. The risks associated with thes: 
additional substances generally should be 

evaluated. Another considerauon in evaluaun~ 

the residual risk associated with some alternative
is the level of confidem:e in the ability of tr.:: 
remedy as a whole to achieve the site engine~:::· 

predictions. For some technologies (e.g., grouna 
wate~ extraction and treatment technologies). ;:;as· 
experience has ind1c.atec that. m some snuauor.: 
it mav be difficult or impossihle to achieve ~~

predicted goals. Th1s informatiOn on t".:.: 



uncerta1nry assoCJatw w1th an altemauve mav be 
an 1mponant iacwr tn seiecting a remedy. 

After the mdlYJdual technologies compm1ng a 
remed1al alternauve have been examtned 
separately. then the alternative as a whole should 
be examined to determme the extent to wh1ch I! 

meets the PRGs for all of the contaminatw med1a 
and all of the contamtnants of concern. Even if 
PRGs will be met, potential cumulative effects on 
human he3lth due to multiple contaminants. 
media, or exposures may need to be consalered. lf 
an alternauve will not meet the PRGs for all 
media or contammants oi concern or 1f cumulauve 
effects are a concern. this information should be 
highlighted in the presentation o: the result.S of the 
detailed analvsis. 

Evaluate Protectiveness Over Ti...: · 
Evaluating whether an alternative is likely to 

maintain the specified !eve! of protectiveness over 
time 1 often referred to as "permanence") involves 
using expert engineenng judgmenL In parucular. 
if an altemattve relies on engineering or 
institutional controls to reduce or eliminate 
exposure to contaminated media. then the ability 
of these controls to maintain protectiveness should 
be considered. These types of remedies provide 
protection by reducing or eliminating exposure to 
hazardous substances rather than eliminating the 
hazardous substances or reducing their 
concentrations. volumes. or toXlciry. Failure of 
such remedies could lead to an increase in 
exposure and therefore an increase in risk. For 
example, if a remedy includes the capping of 
contaminated soils. then the potential future 
exposures due to cap failure include direct contact 
with soils and the leaching of contaminants to 
ground water. The worst-case 5ituation of 
complete containment system failure is unlikely to 
occur, however, becluse five-year reviews (see 
Section 3.4) are conducted at ail sites where wastes 
are managed onsite above concentration levels that 
allow for unrestricted use and unlimited exposure. 

.,..,.., ......... EVALUATION OF SHORT-TEIL\1 
HUMAN HEALTH RISKS FOR 
DETAILED ANALYSIS 

Short-term health risks generally include any 
current baseline risks plus any new risks that 
would occur while implementing the remedy. As 
discussed previously, the evaluation of potential 
short-term risks involves the same general steps as 
in the basellne risk assessment. These steps. 
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however. generally will r.ot De conduce.:: ... · .":: 
same ie\'el of ceta1i for the :=-s. 

Other 1mponant pomts conccr.Ing lc".e! ,·: 
effort should be emphas1zed here. t='or e:o.r..;::d:o:. 
the Resource CJnservauon ar:d RecoverY . .:....:: 
(RCRP.) has performance standards for ~Jr.\ 

commonly used CERCL>\ remedial technoio~:es 
(e.g .. incineration). The risks assocated with rr.Jr,\ 

of these technologies were analyzed in develo?tr:~ 
these standards, and the standards were set su-.:~ 

that the risks associated with operation o:· the 
technology would be ac.:eptable. Tnerefore. J 

detailed evaluauon of the risks assoc:a tee ·.-Hr. 
RCRA-regulated technologies generally would n,Jt 
be necessary. On the other hand, dependtr:~ en 
SHe-specific factors such as the wxicl!y of site 
contaminants and the proximity of populatio'"ls. a 
more detailed evaluation of short-1errr. m~~ :-.. :.v 
indeed be appropriate. 

Detailed analyses may also be approp~iate for 
less-charactenred technologies (e.g .• innov<JU\e 
technologies). ln addition. alternattve5 '"lth 
multiple shan-term releases or substantial basel1ne 
risks may need a more detailed evalual!on to 

deterrrune whether cumulative risks are expeoed to 

be within acceptable levels. 

Of special note is that the short-term mk 
evaluation for remedial alternatives durmg the 
detailed analysis includes an evaluauon o~ the 
potential for shon-terrn risks to two groups uf 
indi\iduals: (1) neighboring populations rv.h1ct: 
1nclude onsite workers not associ a tell vo~ t r. 
remediation) and (2} onsite workers assoc~<JteC: 

v.1th remediation. 

Appendices A through D provide informat1on 
that can be used when a more auanutat:\·e 
evaluation ofshon-terrn risks is needed 10 sut'l'0~t 

the selection of a remedv. Chapter S ,,: 
RAGS/HHEM Pan A also provides guidane<: ,~ r. 

characterizing short-term risk. 

Evaluate Short-tenn Exposure. A quall!auve 
exposure assessment for remedial alter:;auve:< 
·during the detailed analysis generallv Involves -
ju.St as in the baseline nsk assessment. but :n 3 lc.ss 
quantitative manner - usmg the concept c: 
re3sonable maximum exposure (RME', to evaluate 
release sources, receiving media. fate and :ra r.s~c r:. 
exposure point.S, exposure routes, an~ ;e~e?!c•;·; 

associated with a particular alternauve 



. -\n 1mponant aifference between the basei1ne 
nsk assessment and the nsk evaluauon of remedial 
aiternauves mvolves exposure sources. ror :he 
baseline risk assessment. the source oi exposure is 
untreated sHe contamination. For remed1al 
alternauves, however, the potential sources of 
exposure are the releases that result from the 
implementation of remedial technologies. In 
addition. some remedial alternatives z e.g .• 
incineration. biodegradation) may result in new 
chemicals that were not previously assessed for the 
stte. 

The first step of the exposure assessment 
involves identifying the types of releases associated 
.,ith a particular waste management approach. 
During the detailed analysis, methods for 
mitigating potentially significant shon-te:m 
releases should be examined, and releases that are 
expected to be most difficult to control should be 
highlighted. 

Appendices A and D of this guidance each 
contain two matrices that should assist in 
characterizing the releases that may ocrur during 
remedy implementation. Exhibit A-1 provides a 
brief description of common remedial technology 
processes, and Exhibit A-2 summarizes potential 
releases to different media during the normal 
operation of various technologies. Exhibit D-1 
provides a summary of releases associated with 
radiation remedial technologies, and Exhibit D-2 
includes a qualitative estimate of the potential 
shon-term risks posed by a radiation remedial 
technology . 

. ~.fler the releases and their recei..,ing media 
have been identiiied, the next step of the exposure 
assessment is to determine whether maJOr exposure 
pathways exist. Characterizing SHe-specific 
exposure pathways involves identifying: 

the general fate and transport of the 
contaminants that are released from the 
technology (e.g., downwind transport); 

the potential exposure points and receptors 
(e.g .. nearby downwind residents); and 

potential exposure routes (e.g., inhalation). 

Exhibit 2-1 illustrates an example of an exposure 
pathway for a remedial alternauve. More detailed 
information concerning exposure pathways is 
availab!t: in Chapter 6 of RAGS1HHEM Pan A 
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-:-ne now Charts cor.:amecl lr. t:..x!':Jbl! 6-6 cf PJ~: .c. . 
are parucularly ·"~erul :n Jeterrrnn1r.\: ·.:'.~ 

popuiauons poten:Jailv exposea b\ releases tr.tc a 
pamcular med1um. : ransrers of contammJnts 
from one medium to other medta also are 
addressed. 

At th1s p01nt. a ouantitauve exposure 
assessment - 1i needed - would invoive 1 in 
addition to ruenuf;.·1ng release sources. exposure 
routes. and exposure pointS): 

quantifying releases; 

evaluaung environmental fate and transport: 

determ1mng exposure pomt concentrauons: 
and 

calculating intakes. 

All of these steps are dtscussed in Chapter 6 of 
RAGS/HHEM Pan A. 

Throughoul the short-term exposure 
assessment. the assessor must continually ask 
whether the potential exposure v•arrantS the level 
of quantitation being used. At times. the answer 
may not be known until the end of the exposure 
assessmenL For example, if short-term exposure 
was estimated to he very similar to long-term 
exposure. it would not be necessary to expend 
resources to obtain the short-term tox1citv 
information needed to quantitatively characrenze 
risk. 

A major difference between the exposure 
assessment conducted during the baselme mk 
assessment and the one conducted dunng the mk 
evaluation of remedial alternatives is t!le 
evaluation of the timing and durauon of releases. 
Because a number of different activities wdl take 
place during implementation, it is likely that the 
quantities of hazardous substances releasee to the 
environment will vary over time. For example. as 
seen in Exhibit 2-2, one remedy can have several 
distinct phases, each with different exposure 
-potentials. It may be important to determme the 
sequence of event..s and likely activiues at eacr 
phase of the remediation. so that the exposun 
point can be evaluated for each phase. This wtl 
also ensure that appropriate short-term exposur 
durations are identified and that the potent!al ic 
releases to occur stmultaneously and thus result 1 
cumulative risk is considered. As seen 1 



EXHIBIT 2-1 

ILLCSTR.\ TIO:" OF A:\ EXPOSCRE 
PA Tffi\"A Y FOR A RE\lEDL\L ACTIO:\ 

Exoosure Medium 
(Air) 

------ Preva1ling Wind Direction 
Tramocrt Medium (Air) 

\ 
. ...-. ..-.--............. .,.. ....... ......... .,... . -· . ..,.... 

Exhibit 2-2. this issue is complicated by the 
possible presence oi baseline exposures. 

Appendix B provides references - organtzed 
based on several imponant categories of remedial 
technologies - that can be consulted to quantify 
the release of and therefore · exposure to 
contaminantS. The information in Appendix B 
mcludes a brief discussion of considerations in 
release modeling and monitoring. a list of key 
technology-related parameters generally needed as 
inputs for models (e.g., meteorological conditions. 
operation characteristics, soil/media 
chara<.:teristics). an annotated list of prim:1ry 
references. and a list of additional references. 

Evaluate Short-term Toxicity. The releases 
that may occur during implementation of a 
remedial alternative. and hence the exposure-point 
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wm:cntrations. generally last for varying durations 
and mrrespond to less-than-lifetime exposure.s. 
Consequently. any toxlcny values used to evaluate 
the risks from these shorter exposures r..ust 
correspond to the dura uon of the release 1 cr 
exposure). Three exposure durations. 1n addiuor, 
to longer-term exposures. rna~' be of conce:-n at 
CERCLA sites und~rgoing remediation: smgle 
exposure events (minutes. hours. or single dav\. 
very ~han-term exposures (up to two weeks). and 
short-term exposures (two weeks to seven years 1. 

Note that the chronic toxicity values for 
nuncarcinogenu: effects used most frequentlv m the 
nasc\im: mk ass~<.mcnt may not he :l~propnate 
Without modification for exposures of le.ss tr.an 
seven years (utherwtse they may ne unnecessar:iv 
mnservauve). 



00 . 

EXIIIUIT 2-2 

ILLUSTRATION OF CUMULATIVE EXI,OSURE FROM MULTIPLE RELEASES 

Exposur~ 

-----~r.<.=.~ ... . -:.--:::- .-. .-:- -~ - - - - - - - - - - - - -

Time 

Cumulative 

flestdual 

T ccllnology 1 

Technology 2 

Oilscline (Uncontrolled) 

Baseline (Uncontrolled) 

~--~--

Residual 

Note: Tho graph illustrates how nearby populations at soma silos could be exposed to both residtlill risks 

and risks from remediation technologies. The cumulative exposure illustrated is tho sum of residual 

exposure and exposures associated with releases from T cchnologies 1 and 2. This exhibit is for illustratton 

purposes only and is not mcanrro imply that this level of quantitation is neccesary or even desire<t. 



: 

AppendiX C contains wiormauon concern:ng 
the use of short-term to:ocirv \3lues. 
RAGS/l-lHEM Pan A pro\1oe.s addll!Onal 
mformauon on assessment of contaminant toXJCJtv 
As discu.ssed tn Appendtx C. the Suoerfund Health 
Risk Technical Suopon Center rrso should be 
con~ulted m all cases where snort-term tOXJC!tv 
values are needed. 

Characterize Shon-tenn 
Community. During risk 

Risks to the 
characteriz.a uon. 

exposure and toxicity information is brought 
together to pro\1de a measure or indication of the 
magnnude and timing oi short-term health nsk.s (if 
any) from the remedial alternatives. As discussed 
previou.sly. risk assessors may choose to 
characterize the shon-term risks to the community 
(i.e .. p('r5Gus who live 01 ·.;.·(,,It: in the vicinity of the 
sae) qua,.u •. Htvely for some sites and qualitatively 
for others. \\'hen shon-term risks are not 
expected to be a problem for a site. a more 
qualitative evaluation generally is appropriate. In 
these cases. a qualitative evaluation of the 
magnitude. duration. and/or likelihood of the 
exposures and risks should be conducted, and 
assessors could describe shon-term risks in a 
qualitative manner relative to the results of the 
baseline risk assessment-

A quantitative evaluation of shon-term risks i.s 
most likely to be useful when the types. levels. 
and/or availability of hazardous substances are 
expected to change significantly as a result of 
remediation. If quantitative exposure estimates 
and toxicity data are available. then a more 
quantitative risk characterization may be 
conducted. The quantitative method that is used 
to characterize these risks depends in pan on the 
toxicity values that have been identified. Some of 
these toxicity values (e.g., subchronic reference 
doses) must be combined with the results of the 
exposure assessment (i.e., intakes). The results of 
risk characterizations using thls type of toxicity 
value will be of the same type as those generated 
in the baseline risk assessment: hazard quotients 
(or india:s) or excess individual lifetime cancer 
risks. If the toxicity values incorporate exposure 
assumptions (e.g .• as in one- and ten-day health 
adVJsories). then these values are compared with 
exposure concemration.s to determine whether the 
risks are above acceptable levels. Appendtx C 
provides additional information on shon-term 
tOxKirv values. 
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Cumulauve effectS from rr:uluple rc::eases ,,, 
nullloie chem1cais shoulc also he cons1Je:e::. ,:· 
?OSSit:>le. Ii the mk charactcJ::.J uon :s a uJl:ra: :\e. 
then a discussion of the potenttai for cumu,a;1ve 
mk.s from mulU!Jie chemiCJis and:'or exposu:-e 
pathways (e.g., due to S!multanect.:s 
implementation of several remedial technologies, 
should be provided. Ji the results of the r:sk 
charactenzation are more quantitative (e.g .. cancer 
risks and hazard quotients). then the wformauon 
concermng duration and ummg of releases can he 
used to calculate the cumulauve mks or hal.3rd 
tndices for those releases that ,.,ill occur ar t:-<e 
same rime and affect the same populatJOns. If the 
resultS of the quantitative risk characterizauon are 
comparisons with shan-term toxicity critena. then 
the total exposure concentrations can be calcula tee 
fl1r releases tha~ co::ur at the same time and at:ec: 
the same popu:~:ouon.s. These total exposu~e 

concentrations then can be compared to the short· 
term toxicity crneria. See Chapter S of 
RAGS/HHEM Pan A for addition.:, guidance on 
characterizing shon-term human health nsks. 

Characterize . Short-term Risks to Workers. 
Worker health and safety issues should also be 
considered during the development of the FS. The 
Worker Protection Standards for Hazardous Waste 
at 40 CFR 311 and 29 CFR 1910.120 establish 
requirements for worker protection at CERC!...A 
sites. including requirements for planning (i.e .. 
health and safety plans. and emergency respor.se 
plans), training, and medical surveillance. 
Although the standards encomp~ ar~ that are 
not directly related to worker risk 
(e.g .. illumination and sanitation), they also spectfv 
requirements in areas that are directly relevant to 
worker health risks. Specifically, once a remedv IS 

selected, the Worker Protection Standards recu1re 
that implementation of that remedy proceet! v.1th 

the following risk-related considerauon.s: 

site characterization and analyses pnor L: 

commencing remedial activities. speofic.all" 
risk identification (see 29 CFR 1910.L::O(cl): 

proper use of engineering controls. work 
practia:s and personal protective ~u1pment 
(PPE) for employee protection (see 29 C::t:'.. 
l910.120(g)); and 

preparation of emergency response pians :t-.2: 
specify how the Sl!e employees w1ll ~-c 

protected while re.spond1ng to or.5ite 



eme:~enc1es th:H may occur 1 ~ee :s C:=?.. 
1 ':1 10.1:0m L 

I: is imoonanr to note. however. thai iac10rs nor 
assoc1ared d1reclly with hazards parucu!ar to 3 
civen sHe (e.£ .. risk of acc1dents dunng otfsae 
;;.ororvehicle ;ransport) are not usually considered 
dunn£ the FS. but instead should be addressed 
prior ~o remediation in the site health and safety 

plan. 

-:-ne exact nature of the assessment of worker 
safet\· issues for a remedial alternative will \·ary 
v.1th. each site. For many types of sites and 
remedial alternatives, the risks to workers ..,.'ill be 
well-<:haractenzed and will not require much 
addnional site-specific analysis. These issues will 
be addressed in more detail in the site-specific 
health and ~fery plan. Thu:::. a oualitative 
assessment of worker risk is aopropnare for most 
s11es durin~r the FS and can be based on three 
types of risk. 

Potential for exposure to hazardous substances 
during onsite remedial activities. The most 
significant factor determining the potenual for 
exposure to hazardous substances is the nature 
of the onsite contamination. Because onsite 
remediation workers are equipped \1,.-jth the 
appropriate PPE and are required to use 
appropriate engineering controls. their nsk 
generally should be minimaL Factors that 
affect the potential for exposure, however. 
include the likelihood of PPE failure. In 
general, more restrictive PPE is more likely to 
faii due to considerations such as worker 
mobility and visibility constraints. and 
potential for worker heat stress. 

Potential for injury due 10 phvsical hazards. 
Ons1te remediation workers may be exposed to 

hazards other than exposure to hazardous 
substances. Hazards such as explosion. he.:lt 
stress, and precarious work environments may 
also pose threats to workers. 

Potential for exposure during emergencv 
response activities (assuming the ne.eO arises 
for onsite emergency response). Pan of the 
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~esa:r. of a remedt:ii 3::e~r.Jttve ~~.,)'Ji~ 

.. :onsH.Jer the pote:Jtt3i for wurt;er ;.'\::''''u~~ 

cunng e::1ergency responses tr .. at r..a\ r>e 

:equ1red 1n the e\·ent of remedy fa1lure. . ~· 
some remedial alternatJYes. 11 IS oossible tr.at 
emergency assistance would be handled tn pr: 
by onsne workers. \1.1th offsne assistance 1 e f. 
counry HAZM.A.T teams) as required 

.--\.lternatively, tt is posstble that an emerge:JC\ 
response plan would require the evacuatiOn of 

onsice remediation workers and use of offstte 

emergency responders. 

2.3 CASE STUDIES 

The follo"ing rwo Cl5e studies provtce 
examples of the evaiuations of long-term :::1c 
short-term nsk.5 that are conducted durin£ :he 
de;a!led analysis. Both case studies present an 

e\·aluation of only one technology for one of 
several alternatives that are considered for the 
h:•pothetical site. An actual detailed anah'SlS 
would include a similar evaluation for othe~ 

technologies and alternatives as well. The two 
sites considered in the case studies are identJC3l 1n 
all respects. except one: the. ::\17. Co. stte 
considered in Case Study # 1 is distant from 
residential or worker populations. while the ABC 
Co. site considered in Case Study #'2 is adjacent to 
a residential neighborhood. A more quantitative 
anaiysl.s was conducted in Case Study #2 because 
of concern for potenuai short-term exposures to 
the neighboring community. 

The sites presented in these case studies are 
abandoned industrial facilities that Jre 
contammated ..,.1th various volatile organtc 
compounds (VOCs) and heavy metals. \"OG 
contaminate both the soil and ground water at t:le 
sites, while metals are found in the sml onlv. ..:.. 
number of leaking drums were stored at:oove 
\!round at the sites anc were removed prior to tr.e 
RI. There are aLso rwo lagoons filled "Ith 

hazardous sludges. City ground-water wells are 
located approximately 1/4 mile from the· Sites. 
VOCs have been detectet! in the wells at leve!s 
high enough IO iorce the city to use an alterr.Jre 
water source. 



CASE STL:DY #l: 
QL'ALITATIYE EVALUATIOI" DURI~G DETAILED A." . .U.YSIS 

{'.ote: Th1s ~study p~ots an evaluation of on!~ ont techno!~ for on!~· ont of severai rl'medlai 
alttrn:IIJve:s: ao actual deuiled analysis would add~ other ti!'Chnologies and altemall,.e:s as well. All dau 10 

this ~ study are for illustration purposes onlv.] 

Based on the resultS of the development and screenmg of atrernauves. rne sHe er:gtnee:-s nave :c!eiiufted fove 
alternaoves (A through E) to be e-v-aluated for use as rc:medtes at the X'I'Z Cu. Stte. One of the re::r.notogtes 
tnctudec tn AJtemauve C IS ground-water pumptng and air srnppmg tor the VOCs tn ground Y,ate:-. 

Evaluation of Long-term Risks 

\lee:mg PRGs for at! c::mtamtnants 10 ground water tS un~nam at tt::s pomt due w the co:nolo:: nature of 
t!"i:: cor.:am:narec ac;utfe:-. r: after remedy 1mplemenrauon 1t LS determmed that AJtematrve C doe.s not meet PRGs 
for a:: :::mwr:1manr.s m r~ound water. the,, the restdual n.sk remammg ater tmpler:1enr.auon ..,,,, l'e e:c.ar:1med to 
deter:r.:ne wi",ethc:r orl!e.- mea5ures need to toe tal:.en to a.s.sure prme::::vene.s.s. There are no res1dt:: :·1sl:..s for mc:dt2 
other than ground water for the pump-.and-treatJarr stnpprng component of AJtern:wve C. 

Evaluation of Shor1-tenn Risks 

The ttr:1e-frame for al! strippmg of VOCs from ground water at the XYZ Co. stte -and therefore the wne 
frame cons1deretl for e-.-aluatl!lg shon-rerm risb -IS at least 20 years. and pos.s1bty as many as 50. dependmg on 
factors such as the SFfic aquifer charactenstlcs. 

Releases and Receivinl! Media. The most likely release of concern from an a1r stnppcr IS the release of atr 
contammated W'lth VOD.. The type of air stnpper bemg considered for the Xl'Z Co. Site generally actliC:v~ 99 
pe~cen: or better remO"--al of VOCs from water. The wpor phase VOCs contained m the a1r stnpper off-gases then 
can be re:novec if necessary usmg atr polluuon control deVJc.es such as granular actrvated caroon columns or an 
afterburner. which generally achieve 90 to 99 percent destructtoo or removal of contamrnanrs from the wpor phase. 
Hov•ever. there Will sull be some small release of conramrnants that may need to be examrnec further durmg the 
destgn stage of this remedy (if selected). Also, air pollution control devices W'lll produce restdues that m turn r:1av 
need to be treated. Other releases associated with arr strippmg include treated water conr.ammg res1dual organtc 
conr<Jmmants that will be released to surface water, and, po.s.s1b!y, fugitive air emiSSIOns due to lealcy valves and 
fitung.s. 

Fate and Traf!Sport, ~u~ Points, and Exposure Routes. The release of VOC.s mm the atr dunng alf 
stnpptng at the XYZ Co. Site could result m mhalauon oi volaulc:s trans;xmed througr. the a1r. H()\l,'l!ver. the 
r.earest target population is over one mile from the Site. Long-term average concenmmon.s may be a concern. as 
well 35 shorter-term or peak: concentrations that may OCC'Jr under cenam cond1t10ns (e.g .. temperatur~ mve:-stor.s ). 

Shon-term RLSU. The ttme penod of exposure to al!' stnpper off-gases (20 to 50 years) lS a stgnifiwnt poruor~ 
of a human lifetime.. H~r. because the coocentraU0!15 of VOCs in ground water a~ nOt unusually h1gn. the 
relea.ses 3S.SOC1ated with the air smpper are well<haractenzed. and there lS no near~ target populauon. quannr.auon 
of these rules is oot needed to select a preferred alternative. 
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CASE STl:DY # 2: 

OU~"·TITATf\'E EVA.LL'ATIO:" DLRI!'.'G DETAILED A."ALYSIS 

1 :'liote: This case study presents an evaluation of only one technology for only one of se~eral remed1al 
alternatives: an actual detailed :Jnalysis would address other technologies :1nd alternative-s as well. All dat:J m 

th1s c:Jse study :Jre for illustr.Jtion pun>o..<;e-s oni,·.J 

Remedial Alternative-s 

Based on the results of the development <Jnd screemr.g of altematrves, the sire engmee:-s h:JVe 1dentJfied frve 
<Jite:-nauves (A through Ei to be evaluated tor .;se as remeores at the ABC Co. sae. One of rhe recr.noiog1es 
m;:!uded H: Alternauve C JS ground-ware:- pumptn~ and a1r srn;:?rng for the VOCs rn ground water. (For th:s case 
sruc~. QDb: tx:r.zene !rom rr.e pump-and-rrea: co:-npo;~e!"lt of the remed1al alternauve v.111 be anal\ -zed 1n detail. Jr. 
an actual analystS. each contammant oi concerr. and eac::: component o: the remeov may need to be ar:alyzed in a 
S1m1lar fa.shson.] 

Evaluation of Long-term Risks 

The RI has sho"'m that the organrc conrammants m the ground v.-arer are adsorbed to the acu1fer matenal and 
are :~!so c:~lved m tne ground water. The re:ned,auon goal for benzene Wlll be readily met m the ~ware~. 
wh1c::: v.1ll subsequently be d&harged rnto the :Jearb!· su;.'ace water. RemedJa!loo of the water remamml: 1r. the 
~ hov.·c:ver. 15 muct: less cenam. The r::~:dual cor.cenrrat10n of benzene tn thJ.S re:-nammg wa:er v.11i oepenc 
on several factors, includmg the adsorpuve characten.sm::s or benzene with the aquifer matenal, the spec1fic pumprng 
reg1men, and the length of time that thiS technology is implemented. If, at a later stage (e.g., during the five-year 
reYJew), It is dete:mmed that the contamrnanu are nor bemg extracted at the desired levels, the pumpmg reg1men 
may need to be modified (or some other approach may be neeoed). AI a mmimum, the pumpmg of ground water 
IS expected to be an effective bamer agamst iurther contamm.ant migrauon. Due to the uncertamty regardmg tne 
re.s1dual concentration of rontammanu that may remain m ground water, the permanence of the pump-and-treat 
technolo~. in terms of future nsl;:s, is unlcoown at thiS time. 

Evaluation o( Shon-term Risks 

Short-term impactS due to air errussions trom a1r stnppmg are expected to be the mOSt 51gmtican: nsK.s from 
the pump-and-treat component of tbe remedy at ABC Co. site. [This case study docs not cons1der fugnive emiSSIOns 
from sources 'upstream" of the a1r stnpper (e.g., separators, holding tanb, treatmeot tanks), although th~ sources 
:-:1ay nave been evaluated in an actual nsk assessment.] In order to assess th~ rules dunng the detailed analystS 
stage, exposure concemrauons from the ABC Co. s11e v.1H be esumated by combmmg emiSSIOns modellng with 
dtSpe:-s1on modeling. Before prt::>Cttdlng Wlth thJ.S an<HysJS, the foUOWUlg steps were taken. 

An appropnare atmosphenc fate and transport model, denved tram me SCREEN model developed by EPA's 
Office of Air Quality and Plaomng Standards was chosen. (A more complete listmg and companson or 
atmosphenc fate models is grven in Table 3-: of the S11perjwui Exposur-e AJs~smuu Manual [EPA J9S&:j.) 

Required inpuu for the alltlasphenc fate and transport model were obtained.. Th~ inputs mcluded tile 
emiSSion rate of cont.aiD.Ul3ll!S from the a1r smpper 1010 the atmospnere (based on cont.ammant concentrations 
rn ground water, system flow rate efficiency of the a1r stnppmg process, and efficiency of the air polluuon 
control dev1ce); alltlasphenc diSpersion factors tor contammants; and meteorologJ.cal dat.a (wind speed, prevalent 
direction, stability, mixing hetght, and temperature). More detailed parameten., such as surface roughn~ 
he1g.'1t and specific topographic features. were not required_ for the modet that was chosen. 

(Continued) 



CAS£ STl'DY J:~: 
Ql'.\."iTITATrVE £YALCATIO!'- Dl'R!~G DETAILED _.;,_'\ . .U.YSIS 

1 Conunue'{j \ 

The pcputauon tnat \lo1\l be artectec Dv s:Jor;-term releases was 1Ce:1t1iiea. ~:s 1:-::cr:r.auon v.as o:::J::1e: :::.:::-:; 
the baseJ:ne :-'.51:: a.s.sessment, ana was Da.>eO on ::-;e ;:'<Jp"Uia!JO!'l dtstrtbutJcn and densHy of tr:e sur:c;;:::Jnc 
commumcv, and me:eoroiogtc:aJ data su::::J as tnc pre\':lilll"lg w:nc: C:trecuon. 

The tcrocny cr..aractensucs of the conrammants were oo:.-unec f~om rhe ba.'>e:me ml:: as.ses.smenL 

Emosure As.sessme:-n. Rele~ are ex:::>e:::ted tC occur durin£ txlth the cor.strucuon and the 1rr.ple:;.en:aucr. 
stages of the pump-and-treat te:::nnology. The ume frame lor ea::::J of thes-e srage.s vanes and. therefore. tt;e re:e:l.'>e 
and exposure pctenual also ..,.111 va:;·. The most probable re:ease o:· c::m:::ern from tmple:nentauon o: the atr str::;:.e: 
[the foc.;s of thts c::ase study] has been tdenufJeC as :he release of atr conrammated WJth votaule or~an1c cr:em1:.:::Js 
(VOC.S) tom the smpping t~·er to the atmospnere. Benzer:e ts one of the volaule contammants m tr.e grounc 
water bemg treated. and JS expected to be ~re.senr as a restdual 1r. the stnoper o:f-gases. The follov.1nt e:::..,;auon 
(EPA. E!TUJsion Facrors for Superfwui Rmuriumon Tt::hnoiogll~s. Draft, Offi~ of Alr Oualnv Plan~::-Jg a:1: 
StanJardS, !990) \1.-:l.S use<i to cal:::ulate the cx:nzene em:s.stor. rare 1r.to t;,e a1~ smpper off-gases: 

where 

ER (£.'5) = C X Q,n X (S£.'100) X K 

ER 
c 
0., 
SE 
K 

= 
= 

= 
= 

emiSSIOn rate Of benzene (_;S) 

concenrratton ol benzene 1r. v.-ater = :.5 mg.:L 
mfluenr water flO\lo' rate = 1700 Umm 
stnppmg effic1ency oi tower lor benzene = 99.99'7c 
constant to conve11 umts = !.67 x w-' (g-mm/r.-~g-s) 

An SE of 99.99 percent is~ m these calculations to derermme the reasonable ma;omurn emllSmn rate of benzene 
tnto the au. Actual SEs would be between 90 and 99.99 percem, depending on several operaung parameters 
Solvmg ttus ~uauoo. ER = 0.071 g.'s. 

Becaus.e thJS system WJll u.se an atr pollution control devtce (.'\PCD) such as granular acuvated car bar. ( GAC 
columns to remove contammants from gases rele2s.ed to the a:mosphere, ER is the rate of release of ber..zene from 
the ground water tnto the srnpper off-gases r:Jther than the rare of release of benzene dtrecriy to the atmosone~e 
The release rate cf benzene to the atmosphere. the~etore. ~n be c.11cu:atee ustng the follcrw·mg ~t:auor.· 

q = ER x (1 - DRE.I!OO) 

where q 
ER 
DRE 

mass release r;~te to atmospnere (E.'S) 

= emt.sston rare trom <llr smpper to APCD = 0.071 g/s 
= de.strucuon;removal e!ticJency of APCD == 95% 

A DRE of 95 percent IS used to obtatn a reasonable max1mum release rate to the atmosphere. ApOI!:::aucr..s c: 
stmtlar APCDs acb.Jcve 95 to 98 percent cestrucuon and removal effictencv for benzene m a~:. SciVlr.r for tr.e 
armospnenc release rate of benzene, q = 0.0035 g.rs. 

Usmg fate and u-anspon modeling [analySIS not sho-..r;nj, the atmosphenc release rate of benzene IS convene:: 
to an e:q::osure potnt concentrauon at a restde:Jce :50 m ClO\\TIWJnd oi the sae. The short-terrr.. alt concer.:~au::Jr. 
(:.;-hour average) of benzene is esumaced tube 6 x 10"' mg,1m'. The average annuallonger-tenm concentration c: 
[)(nzene m a1r at the Slle boundar,·, as deterrmned by the same. model, IS e.sumated to be 3 4 x 10"' mg;n-:J 

(Contmucd) 



CASE STL DY #!: 

OL\STTTATfVE E\'ALlATIOi\' DURI:'\'G DETAILED A.I\AL\'SIS 
rConrrnue-dt 

T;;e or:Jy pme:mal exposure pathwav 1Ce::::riec fc:r re:e:JSe5 :Tor:: tne a1r s:r~oper IS tne a1r l mnaJauon l patnwav. 
Be~u~ tt:e tcXJCltY c:-nenon u~d to cr.::lractertze s~orr-terr;; nsk IS a tr.reshold cor.cemrauon (.see Tc:~~ny 

fl.~s.sment beiCJ\1.'), a snor.-ter:n mtalce does not need to be calculated. The longer-term mtake ts r.eecec 10 

eva1uate we cancer n.sk ass.oaatec! ""'tr. m::alauur. v t>e::;:e:1e. ~1s Intake IS c..1rcula:ec by f1rst obtarnrn~ :he ic:;g
te:-m stte-spe~lftc exposure durauor. ol 3D yenrs t:-on: t!l.e t:aselrne nslc assessment. (Ar. exposure durauon o: 30 
years lS u.sed ~u~. wh1le the ume lor tmplemen:aucn c: the pump and atr stnppmg te~hnolog:y may be uc :c 50 
years, an mcltvldual is not elepected to stay 1!; the ::omr.1unrry for mare than 30 years. If the maxunun: time for 
tmplementauon were less than the exposure d~ranon 1den::ried tn !he baseime nsk as.sessmem, then exposure would 
be computed usmg the ClalOmucn tmplememauon rrme ;~s tne exposure duratton.) L'smg other exposure values 
c:narned from the baseiine n.slc as.ses.sment (e.g .. mhalat:on r.Jte of 20 m:-iday). the longer-term (Jtfewne average) 
i:Jtake of benzene due to the aJI srnpper is approx1mate:y 7.3 x 10·5 mg:Jcg-d.ay. 

Tnese conceotrauons and intakes are ba.sec on cor.servatrve steady-state as.sumpt1ons regardmg atmo:sphenc 
:cnc:uons. Therefore. there 15 uncer:amry surroundmg the <~tmospnenc cata (wh1ct: are mputs to the mode!) that 
could lead to :11gher (but probabty lower) concentr3tlor.s. For example, vanauons m \lo1nC sxed ana d1re:::on .,,II 
result m dtffere:-:: contamtr.anr ccncentrallor.s for both ma'!;lmum short-term and long-term exposure ;>omt 
c:Jr.cer.:~auor.s. Some amouot of publisnec rese:Jrch aa:a IS a\·atiable (mamrv from \loater treatment plant s:ud1es) 
cr. tt.e reiJablllty of the APCDs used m a1r str:;;pmg. Thts mrormauor.. cumbmed wHh data from pre"Vlous program 
expenenc::. mdrcates that the uncertarory 3S50Ciatec ,.,th the effecuvenes.s of the APCDs IS lev.·. 

ToXJctrv Assessment To as.se&S n.sk frocn expnsure to the short-term benzene concentratiOn (:!~hour average), 
a tOXJCJty cmenon correspondinf to a similar ex-posure duration is used. One such cntenon. 1dentifieo through 
consultation Wlth the TSC, is EPA's acute mtJ.alauon cme:-::1 (A! C). The A!C prOVIdes a threshold level above which 
acute mhalauon exposure to benzene could result in tOXICity to the mast sensnive target organ (bone marrow and 
the :mmune system). The AlC for benzene is 190 ug;m;. [ln thc; case study, the A!C for benzene was assumed 
w be read1ty avatlable. In an actual r.sk e-valuallon, tt:LS may not always be the case. When tCXJC!ty informatiOn IS 

not read1~· aV31lable -especially wnen. as w thts case stud)', the longer-term exposure pomt concenuauon c; not 
SJgmfiC2ntty different trocn tne shorter-term pom: concermauon (and the longer-term has tOXJC!~' iniormauon)- then 
etther delaymg the assessment or expeodmg resources to obtam the shorter-term tOXJC!ty information 1s not 
recommended. J 

To as.ses.s risk: from exposure to the longer-term benzene c:Jncentrauon (annual average) for tt·.e 30-yea: 
exposure durauon, tne mbalauon cancer slope fac:o~ for benzene ot 0.029 (mg/Kg-d.ayi'; 15 tclentified frorr. the 
t:::;..se!me rlSK ~menL 

R1sk. C!:a:-acte:-112tton. Short-term nslc to the c~mmun::v trom benze:1e IS dete:-mmec bv cc:~oar.ng the 
s~10n-te::n ~ncentrauon of 6 x 10-' mglrnJ (i.e., 0.6 ug.·m1). wun' the AIC of !90 ug.:mJ, to result ~~a rau~ of 0.003. 
Because thlS rauo is less tll.an 1, shan-term rtsl:: to tne ::om:-numr;-· sa1ety lro:n t<:r.zene tS c:Jr..s1dered to be unt1ke:v 

Using the longer-term 1.maxe of 7.3 x 10'5 mg:'kg/day, and the slope !actor of 0.029 (mgJkg.'dav)'', tr.e uppc:r
bounc excess r.ndMdual lifeurne cancer nsk to tne commumty from long-term exposure to benz.ene rn tne 
atmasphenc releases from tbe air stnpper is apprOXJm<:~tely 2 :1: 10"", Wlthm EPA's acceptaole me range. 

[Uncenamues 3SSOC!ated With the site-specific exposure tnformauon and the tOXICity mformauon, dts.::.LSSed m 
more detati rr. the baseline nsr. assessment. also are important to cons1der at this sta~e of the analysiS.] 
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CHAPTER3 

RISK EVALUATION AFTER 
'I'HE FEASIBILI1Y STUDY 

.-\her the FS is completed. a remedy is 
proposed. and, if selected., is documented in the 
ROD. Following this, the remedy is designed and 
implemented. and then deletionJfive-year reV1e\lo'S of 
the site take place. This chapter discusses the role 
of risk information during these activities. Note, 
however that not all of these mk evaluations nor 
~?nificant l~~l_of ouantitation mav be neede.Q 
fot_ ~ve1' Silt> The \!Uidinl! princ:-;:)lC i~ that ns~ 
evaluations aiter the FS should be conducted as 
necessarv to ensure that the remedv is protecuve. 

3.1 RISK EVALUATION FOR 
THE PROPOSED PLAN 

The purpose of a risk evaluation during the 
proposed plan stage is to refine previous analyses 
conducted during the FS, as needed. If new 
information becomes available during the public 
comment perio<l for the proposed plan, additional 
analysis of the alternatives may need to be 
conducted at this time. If additional analysis tS 

conducted, it should be conducted for all the 
alternatives, as appropriate, and not just for the 
preferred alternative. 

3.2 DOCUMENTATION OF 
RISKS IN THE ROD 

Several risk-related analyses should be 
documented in the ROD. The comparative 
analysis section should include a di.scusston of risk 
as it pertains to the three risk-related cnteria: 
long-term effectiveness, short-term effectiveness, 
and overaU protection of human health and the 
environment. The discussion of overall protection 
of human health and the environment should 
include a discussion of how the remedy will 
eliminate, reduce. or control the risks identified in 
the baseline risk assessment and whether exposure 
"'ill be reduced to acceptable levels. The 
discussion of long-term effectiveness (and 

permanence) should address. where appropnare. 
the residual risk from untreated waste rem::>ining at 
the sire. The parr of the ae-.."l.Sion summary that 
focuses on the selected remedy should present: 

the chemical-specific remediation levels tO be 

attained at the conclusion of th~ response 
acuon; 

the corresponding chem:cal-specllic mk ::..:•-'eis: 

the pointS (or areas) of comp1~nce for the 
media being addressed; and 

the lead agency's basis for the remediation 
levels (e.g., risk calculation, ARAR5). 

In addition, the ROD should indicate whether the 
site vrill require five-year reviews (see Section 3.4). 
In some c:a.ses, additional [isk information (e.g .. 
anticipated post-remedy cumulattve mk for an 
environmental medium or for a site) mav need to 
be included in the ROD. 

ln.rrnm Final Guidance or: Pr~pan.ng Su.perju.r..c. 
Decision Docum~n.ts (EPA 1989[), Role o( rr.e 
Bas~lw Risk Assessment in Superfund Reman 
Stlectwn Decisions (EPA 1991d), and 
RAGSIHHE..'-1: Pan B provide addnional 
information on documenting nsks m the RO:). 

3.3 RISK EVALUATIO~ DLRl\!G 
REMEDIAL DESIG~/ 
REMEDIAL ACTION 

_ The activities during remedy design a:1.d 
implementation that may involve COnsideration of 
risk include refining risk evaluatmns during 
remedial design. monitoring short-term nsks. 
evaluating attainment of remedial levels 1:1 tne 
ROD, and evaluating residual risk. 



J.J.l RISK EY-\LCA TIO:" Dl"Rl\"G 
RE:\tEDL-\L DESIG:-.· 

The process oi evaluatmg long-term and short
te~m nsk.s. whici'. began during the FS and may 
r.ave conunued during development of the 
p~oposed plan. also may continue dunng design of 
the seiected remedy for some sires. The purpose 
for r;sk evaluatJons during the remecital destgn is 
to ensure that the selected remedy will be 
protective. Tne.se evaluations can be conducted by: 
( l) refining pre>ious analyses. as needed. and: or 
(2) identifying the need for engineenng controls or 
other measures to mitigate risks. \1ethod.s for 
evaluating long-term and short-term nsk.s are 
discussed in more detail in Chapter ::.. 

3.3.: '.10~ITORI~G SHORT-TERM 
HEALTH RISKS DL"RI~G 
L\fPLE:\1E.:"""TA TION 

If the potential for short-term health effects 
due to releases during remedy implementation 
needs to be assessed (e.g., due to high uncenamry 
concerning predicted risks to communities or 
remediation workers), a sampling and analysis 
strategy to accurately determine exposure 
concentrations should be developed.. This strategy 
may need to consider the follov.ing elements: 

location of sampling; 

sample collection and handling procedures; 

chemicals w t>e monitored and methods used; 
and 

staustical considerations regarding the analvsts 
of resulLS. 

";"he monitored exposure concemrauons should be 
compared to shan-term health-based benchmarks 
(see Appendix C) to help in determining whether 
the release presents a threat to human health. 

3.3.3 ASSESSING AITAINMENT OF 
SELECTED REMEDIATION LEVElS 
DURl!'IG IMPLEME!'I"TATION 

The RPM. risk assessor. and others should be 
:nvolved in developing a sampling and analysis 
plan to measure whether the selected remedy has 
anamed tne remediation levels in the ROD. As in 
the basellne r:sk assessment. this sampling and 
Jnalysis should proVJde data that can be used to 
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develop R.\1E est:r.,ates. :~.:~ :'iJr. 1' ~ilc·~:'c(:::~ 

a:1d rr:ay need ro constder :.~e S3:7lc c.:te:-:-1c:-::5 
p~esented :n Secuor. :.: :::. ;;.:.;s ::1e re:e-.Jr.: 
remediauor. ieveis ior the cher:-:JCais or ::cr.ce~:-: 

The plan for measunng artJrnmen: s:10uic 
ensure that sufficient c!ata to e'.·aiu:w: 
protectiveness of human health wtll be Jvaiiat·:e. 
For example. at a mtnimum. those chem1c.ais tl',al 
contribute to maJOr pomons of the sl!e ~1sk should 
be selected for measuring aaamment. ihe f"\l.o

volume set Stamnca! Methods fo• Evnlunnng rr.c 
Artainmenr of Cleanup Standards fEP A 193&1 I 

outlines a number of statistical methods tha: .::Jr. 
be used to measure attainment. EPA is develcpmf 
additional guidance on this topic. 

3.3.4 EVALUATION OF RESIDCAL RrSK 

This step - which may be conducted ai 
completion of the remedy and perhaps dunng 2 

five-year review (see next section 1 - rna•· be 
needed ro ensure that the remedy is protective. 
This step may be different from the assessment of 
attainment of remediation levels selected in the 
ROD because it may more closely constder the 
expected land use and cumulative effects (e.g., due 
to multiple chemicals or exposure pathways). 
Residual risk estimates tan t>e conducted at anv 
time after the remedy has commenced unti! the 
end of the remedy. Typically, a final evaluation o: 
the cumulative site risk may be done fo!IO~Nln~ 

completion of the final operable unit to ensure 
that residual risks from multiple contammants. 
pathways. and operable units that affect the sam~ 
individuals are at protective levels. 

In general, the same equations. expos1.. 
oarameters. and toxicity values that were u.se.:J r ~ 
determine the baseline risk for a site can be uS;: 
to assess the final clean-up (risk) level thal 
remedy has achteved.. The concentrations that c.
used to calculate these risks. however. are the fjr 
measured concentrations of the contammants tr. 
remain at the Site. not the remediation level~ 

the ROD. The follov.ing are other poter.:. 
dirferenc.es berween the baseline risk assessme 
and evaluation of residual risks. 

Significant levels of "new• chemicals (e.~ .. ::-. 
were not identified dunng the base!Jne ~

assessment but that may have resultec :~.:

the remedv or were not discovered ur.ul J:. 
remedy tmplementat!On) should be c;Jr.stlle~:. 
m evaiuaung restdual risk. 



Ch3nges In lane! use Since the t::;Je of the 
basel:ne nsk assessment may require c::anges 
In exposure parameters (e.g .. contact ~ates. 

exposure frequency and durauon ). 

Toxicity values may have been updated since 
the baseline risk assessment. The most recent 
toxicity values 1n IRIS and HEAST should be 
usee in calculating residual risk. 

For some sites where engineenng or 
insmuuonal controls rather than treatment-baseD 
remedies are employeD. the concentrations of 
chemicals in a contaminated medium may remam 
the same as the baselme concentrations. The nsk 
will have been reDuced or eliminated. however. by 
mitigation or elimination of the exposure pathway 
(e.g .. by mitigating direct contact with soil by using 
a c.::p or instJtutional rontrols. or eliminaung 
1ngesuon of contaminated drinking water by 
providing an alternate water supply). These nsk 
reductions and associated exposure assumptions 
should be clearly presented. 

3.4 RlSK EVALUATION DURING 
FrvE-"\:'EAR REVIEWS 

Section l~l(c) of CERCLA provides for 
revie-w-s of remedies that result in hazardous 
substances remaining at the site no Jess often than 
every five years after the inniation of the remedies. 
The purpose of the reviev."S is to assure that human 
health and the environment are being protected by 
the remedial alternative that was implemented. 

The remainder of this section briefly describes 
the purpose of five-year revie'W"S, the sites for which 
five-year reviev."S are conducted, and the risk
related activities that may be conducted during 
f1ve -year revie'W"S. More detailed guidance 
regarding five-year revie'W"S is available in Sr:rucrure 

nnd Compo!Unts oj Five-year R~iews (EPA 1991e). 

3.4.1 PURPOSE OF FIVE-Y"FAR RE\1EWS 

A five-year review is intended to ensure that a 
remei..ly remains protective of human health and 
the env1ronment. The more specific goals of a 
five-year rev1ew are: 

to confirm that the remedy (including any 
engineenng or Institutional controls) remains 
operauor.al and functional; and 

~~ 

-..:..I-

to e•.-aiuate whether c!ear.-us staml3rC:s ~2'c~ 

or. mk or .:..R.A.Rs) are stJll protectJ\e 

:Oe first goal may t">e accomDiJshed ;:;r::T.:J:-:i·. 
through J review of the operJtion and ma:nter.ar:c::: 
records for a site and through a Site \JSJt :,r.;,: 

limited anal•-sis. The second goal inc:udes a:~ 

anah-sis of requirements :hat r.ave :-eer. 
promulgated by the federal or state government> 
SinCe ROD stgnature to determtne whe:hc :~.e\ 

are AR . .<\R.s and whether rhev call inro ouestJO:l 

the protecuveness of a remeDy. 

In addition to considering AR.:..Rs :or 
substances designated as contaminants of concern 
in the ROD. the re\ie'W"S may include cha:-~ges tr. 
.:..RARs for substances not addressed undc 
cant:- .ninants of concern. Where remed1auon 
levels in the ROD wer~ t:~ed on nsJ.: c.:lculat!Ons 
(rather than AR...<\R.s), then new information -
such as rensed toXlcJty values or exposure 
parameters that could influence :he 
protecuveness of the remedy should be considered 
Based on this analy-sis. the reviewer can determine 
whether the origmal remediation levels set out In 

the ROD are still protective. 

3.4.2 SITES THAT RECErVE ffi'"E-\t.:\R 
R£\1EWS 

Two types of five-year reviev.-s are conduc:e:: 
statutory and policy. Statutory re\"le'-""S a~e 

conducted for remedies selected afler t:C.e 
enactment of SARA where, after the remedv IS 
complete. hazardous substances are pre.sent abme 
levels that allow for unlimited use and unrestnCJed 
exposure. These sites generally mclude: 1 1; s1tes 
v.ith remedies requiring access or land-use 
restrictions or L"ontrols (i.e .. remedies that ach1eve 
protectiveness through the use of eng1nee:-Ir.~ or 
institutional controls): and (:2) snes v.1th remed1es 
that achieve prot~uveness for the current use. ::u: 
include restricuon.s on acuviues due to limits cr. 
exposure (i.e .. SHes cleaned up to leveLs that wou:d 
be protective for a nonresidenual land use. but 
would not be protective for residential or othe 
land use). Policy reviev.-s are conducted for: (: ~ 
sites with long-term remedial acuons (L TRA.sl or 
other remedies that require five years or longer to 

achieve levels that would allow for unlimlled use 
and unrestricted exposure and (2) re:neJte.s 
selected before the enactmenr of SARA '-"he:e 
hazardous substances are present abo\'e ievet) t~2: 
allow fo~ unlimited use and unrestncted expost.:::: 



StJtu:Of!' rev1ews mJy re discontinued onlv ~f 

1evels of hazaraous subsranccs tall permanenu:; (0 

a pmnt that would allow unltmned ;.:se Jr.a 
unrestricted exposure. Policy revtews for L TK.-\s 
should be discontinued when the remedtauon goals 
speciiied in the ROD are achieved. assumtng these 
levels allow ior unlimited use and unrestncted 
exposure. Achievement of these levels must be 
venfted by an appropriate penod of monnonng. 

3.4.3 RISK-RElATED ACfMTIES DCRI!'<G 
FIVE-\'EAR R£\1 EWS 

Three levels of effort have been defined for 
five-year reviews. The following are risk-related 
activtties conducted for the three levels. 

At Level I, the reviewer will consider the risk 
assessment information contained 1n the ROD 
and ROD summary. 

At Level II. the reviewer will conduct a 
recalculation of the anginal baseline risk 
assessment using information obtained during 
the review (e.g., new toxicity data). If 
appropriate, additional data may be collected. 
Ongoing monnoring may provide such data. 
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At Le\el 1:!. :~::- reviewer w1!l reeva!ua(e :-::; 
rrsk assessrr.enc 2nd. if 2~propna1e . ..:or~<..: .. _: J 

r.ew nsk assessmen:. St.:::r. an assessment::-:~> 
be approprtate in order t·::: address J r.e..,. <;:e 
..:ondttton. such as a r.ew ex?osure pat:J\•a> 
~ew data may oe collected as necessary tcr rhe 
risk assessment. If poss1ble. however. e:usun~ 
data should be used. 

The appropr1are level of re\lew depends on 
site-specific conditions and the confidence level for 
the selected remedy. The proposed level of the 
first re'>1ew is to be included in the ROD. A Level 
I review should be appropnate in all but a few 
cases where site-specific crrcumstances suggest 
another level either at the outset of the review or 
because findings oi the review suggest the neee for 
further analysis. A Level III review would not be 
proposed in the ROD. but ""'Ould be tnitiated rn 
response to specific concerns regarding the 
performance of the remedy or the risks at the sne. 
The level of effort. particularly for subsequent 
reviews. also depends on the initial findings of the 
review. Srrucrure and Components of Five-_'·rear 
Reviews (EPA l99le) provides additional 
information concerning the appropriate level for 
reviews and the activities that are conducted at 
each level. 
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APPENDIX A 

SELECTED REMEDIATION TECHNOLOGIES 
AND ASSOCIATED POTENTIAL RELEASES 

This appendiX contains two exhJbl{S des1gned 
to ass1st durmg the FS in identifying some of the 
patenual releases that are assoctated wah 
commonly used remediation technologies. Exhibit 
A-1 brietly describes each of the process options of 
each technology in Exhibit A-2. Exhibit A-2 
summarizes several potential releases to air or 
water of common remedial technologies. Pror.es.s 
variauons for which potenual relea~es are str.~ i!ar 
are combmed under the technology category. 
Potential releases to surface water or ground water 
are included in the "water" column. "Other" 
releases include treatment residuals that need 
further treatment or proper disposal. In most 
cases, this column refers to sludge or solid residues 
that may also be hazardous. 

Risk Reduction Engineering Laboratory 
(RREL Cincinnati. Ohio) plans and conducts 
engineering. research. and development relateD to 

__ .... !-

treatment of solid and hazardous wastes S:RE::... 
personnel pro\1de site-spectfic technJCJi ~e:--; 1 c:e'. 
mvol•1ng speclfic treatment technulo~:es .Jn·J 
CERCL-\ response processes mcluc!n~ 

analysis of treatment alternattves. 
treatability studies, 
remeDial des1gn review. 
construction Q..:..QC rr.eth0ds . ..:nJ 
contaminant source control 2nc ~eotechn1wl 
rest methods. 

Regional EPA CERCLA.. staff should d1recr 
questions regarding evaluations of remWJauon 
te{:hnologies. previous experience with remedJJtion 
te{:hnologies, and reieases associated \\Jth 
remediation te{:hnologie.s to the Engineenng and 
Treatment Technical Support Center, RREL Jt 

ITS 684-7406 or 513-569-7406. 
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EXIIIBIT A-1 

H El\1 EIHATION TE< :11 NO LOGY DESCH I PTIONS 

r 
-

I Tt'rhnolu~:l~s Jlt''iHipllun uf l'run·~s 

SOIL ANU Sl.tJIH:E 
----

Suil llnnollln11 
- ----· ----

So1l I =.Kc.:avalltlll, Tran~porl, 'l11c.:sc proK:csscs u~c mcchanrzctl equipment ,., 111owo: nllllamma1cd s111l. I:, 1r ~~ unc.: 

Dumping, <Hid ( ir<1ding lrc.:;tltllt:nl lcduuquc~. :o.oil musl he rc.:movc.:d l11nll a ulnl<llllln<~lnl ~Itt: ami he lrallsl""'c·d 

ltll lrt·allllt:lll. Su1l i~ lhc.:ll rc.:llullc.:d ami rcplacnl al tllhtr lht mtgtn;tltxcavalltlll 111 

IIIH>Ihcr dhpo..:tl 'lie.:. ( iralling is a lc.:c.:hnn!uc.: "htdl c;m t c.: duel· tlllil1t o~1tllll 111111 
nttll<tllliiHIIt<l sotl~ illld ran ui~J control runoll. 

Thtrmnl Utslptcllnn The.-.c arc t1eslrur1ion procc~~es wh1rh control ll:mp~:r;tlurc <nHI mygt'll <tv;ttlahth1y. a11tl 
C<HI\Ierl h;mutluus mnterinls 10 cmhon !ltn~idc, W<tll·r, <nlll other product~ ol comllmlllltl 

Cirr:ul;tlin!: l!cd lnnncration Wa~lcs and ;HtX11iary fuel arc intrno.htctd in111 lhc.: nnnhu\111111 rhillllhcr. Air I~ r, lfrt'd "P 
through lhc chamher rrom lhe 0011001 hi (lflllllOIC.: lll!XIIIg alld Clllll(lkiC.: Clllllh\1\llllll 
l'artirulo~le ;md gao;cou~ products of comhustion C.:Atl I flltll I he top of r he c.:um huM 11 111 

chaml•cr for tn:atmcnt ami 1\ispoq! . 
.. 

' Hotary l<1ln JllCIIlt:r allllll The nllnhu~tton chamber i\ il tn1iiling, inclined cyhnclcr whic·h mixc~ ccunhu~ting tllillt'rt;th 
a~ il rotate.~. Wa.~tc!t ilTC feLl tnto lht! thamhct 111 the htgh end, <thmg Wllh uir and <tuxtlt;lry 
lud Exhaust ga-..cs me rreatc.:1l a11d released, iiiHI ;1sh rc.:~idue i~ cnllectctl ''" the Ill\~ r11tl ol 
the kiln. 

lluuli;c:tl lied lncinerillinn A h('cl ol mcrr panicles (e g., ~mtl) Itt.:\ nl 1he l'ltllllllll ulthe rylindriral romhusiH '" 
cham her A1r 1s fmccrl up through the I'JCcl ami the panicles ;~re lhtitlttctl (u:. thc· I'·""' It:\ 
-noat" 111 the :11r~trcam) Wnsles and lud arc injectnl al 1hc lllJl of lhC chamber. 1n1n the 
lhntli;cd mas~. where the mi~ture cnmhusrs. The.: rurhuh:nt <tlrllmphcrc in the· t'h;tllll>cr 
proviclr\ ~nn<l nuxing of wnsres so en~ure complete comhusl ion anti dlil'ICnl he:ll lriimlcr 

-

lnfr:orctl lncincr;llion . '"I till\ :tre kd in Ill I he furnace on n r:onvcynr heft, ;md pa\~ lhrough on a wtrc.: 
IIIDit 1~<:11. llcnling clements provide inlr<~retl energy, mitlmng the m;~tcri;~t~. Wit\IC ga,,·s 
nrc pas~1:tl lhmugh u sccnntlnry comhnstinn rhamller; ash exits on lhc ronvcy••r. 

----
1'yrolys1s Organ1rs arc.: slowly voln1ili1ed 111 lower temperatures rh;rn incineration pro<c,~t·\. \V;"rc.: '' 

lc.:d into rhe primary comtmslion chnmher nn<l thnmally trearccl witholll snflicicnl 1\\Y,t:•:ll 111 
romplclcly romhust. Volatilized organics pass to " secondary chamber nml arc illlllll'l<llt:d 
SCI!Id rcwhtcs from the primary chamber rcn:ivc tl1hc.:r trciltlllCill 

---- ---· - -----~-~-



EXIIIHIT A-1 (Conlinucd) 

n El\1 EI>IATION TECII NO LOGY HESCH II'TIONS 

-
Tcod111olo~l~~ l)r"·rlpllolt of l'rm ,.,, 

--· --------· 
Wt.:t Air (hid;trhtn 'Inc lugh lt:lllfl\:r;llurc an<l high pre\\ lire fl" 'f'CIIJc~ •>I wo~tn ttrr ll!thtcd 111 dn!n 'Y1111; 

\\41'\h'\_ ( '•>lllanJm;t!l'<l ~olulicJJl\ arc lrcarcll at I11;•,1J ICI111X'filfllll'\ ( >1•00' ( ') ;!lld plC"tllt:\ 

1 1100 p,i to :noo P'') C'ontanltnant~ <trl' ll~tdtrcd to ~1111p1c urg<11Hc L'tllllf'""'His '" Ltr~c 
lfniClUIIIS nf oxn;cn IHC tli\\Oivcd in ~oltr!l<>ll. 

Aqueous Therm<~l Drconlpo~illon AquctHI\ thcrmalllectllllf"MI~IIItlll Wtllks on lflC \ilillt: prtnrtplc~ "' wet illl I lXitlillll 111, WII htllll 
lhC adthllllll llf 1:\l'C\.~ llXY£1:11 

llrch Iori nn lion 
-

( ilymi:He I )echlor1na1 ion tlstng n spcc1fic solvent, chlorine ntom(s) me removed from chlorinated h:ll<tflftHt\ 
nuHcrrnl.~. ami toxic compountls are converted to less 1!>.\lc, more watcr.,nluhlc Ct1111il<HIIl<h 
Heaction products are more easily removed frnm soil anti more t·aslly trc;ttcd 

llloloclral Tr"111m~nl 

Co111pOS1111)! Contaminated mill erial is mixed with hulking ;>gent~ ( t.:g • ~1wdus1, ""' ~ >d chql\) <tnd pi.HTtl 
' in renrtnr ves.~cls or piles. Aermion, temperature. ;uHI nutrrcnl levt:l~ ;rrc cnntroii!L-d ltl 

cncoumge microlli:~l growrh. Microorganism\ then 111CI;thOIIle Clllllillllin;llliS, l>rc;oklll); II\\' II\ 
dnwn info less-hnrmlul materials. 

~-

ln·SIIlf l11ode gr n1lnt ion Mirrnm~<~nisms nre encouraged ro <lcrnmpn~c CIH11<11111nanrs 111 51111 wnlmur ncOlv<ot•ng rile 
soil anti placing 11 in 11 controlled renclor. Nutricnh, m-ygcn, 011HI tllhcr ncn:s~;uy m;Hcrt;th 
can he llljcrtetl rntn lht: conramirwlecl :rrc01 

~·- ---
___ .. 

Slurry-pho~~c lli1Kicgr<otLIII1111 'll1c w;l">IC\ arc mi~cd with w;rrcr to ;tch1cvc an :HpH'IHI.\ mixture. 'I lie 11\1\lllrC 1\ llll'll 
trc;Hrtllll il hitl[fi1l'lllf, where II IS llliXCd l'IIIIIIIHillll\ly llll'Oill;tU IIII(TIKII~illll\111\ iiiHI 
L'lllllill\1111:1111\ ·rhc hnlrcilctor serve\ il\ a rllllirlllktl cnvlltllllliC>ll '"' Clllllil/11111;1111 
tk:;r;uf:lllllll 

-- ·-------- ----------~-- -------· ·-- ------------- ·-- ---- ·-· 

')tllitl·ph;t\t Ill! )Ill: ~[ill Iiiii! Ill S111l\ ''". nciiv.oll·tl '"'" rrearcd <thove grouml s11 tll;~t IICillllltiH COIIdlllllll~ l'illl he ri<•'>L"I)' 
1111Hllt<Jrl'd ,nHI ii<IJil'lcd It) ctmthtinn~ th:H ilfl.' l!h-.11 l11r '''' ~<.kgr:ttl•lltrlll "'lilll.'llid\ iiiC 

lrc;llcd 111" I"' p.11cd ;uc:1 wl111:1l c;111 11Hit11k \11/.lltlc t'IIIJ\',IIlll\ l'llllt'tlillll illld k,ll il.tl<" 
C<lfli'l'lltlll 

- ~---- - -- - --. 
--~- ·-- ------·-- ---- ---------- ·-.. --~. --- ---- .. -- -

( ( ·, lllf 111111'<1) 



EXIIIHIT A-1 (f:onlinuctl) 

H Efv1EIHATION TECH NO LOGY DESCit II'TIONS 

Trchnolnglrs I lhsrrlptlon of l'ron\s 

VncuumNnpnr Extrndlon, Thrrmal Uesnrption 

l.nw Temperuturc '111crmal Air, prc~~urc, hent, und/nr mechnniCitl ag11a11on provuft.:s a dr!Ytllg forrc (or Vtll:llthlillg :1111 

Stripptng rrnHivtng Clllllllmin:ulls from ~oil infO an atr.~rrc:un 111r lunhcr ltco~tnu·•H Srpar;~trng 

uJnl;rrninants fflllll <.~til srmplrfrcs the linal trc:tllll•:nl 111 nllll:tlllln:ull~ 
··--------·· 

ln.~illl Vacuum/Steam r:xlraction VC lC~ :1rc rcnutvt·d lrnm sntl hy :1pply111~ :1 v:trlllllll 111 wl"lh that :trl' pl:wrd 111 lhL" 
Ct tlllanlln:uctl soil. V()C VilfXlrS iHC CtlllCt'tl'll :111d lrC:tlt:d ;t\><IVC ground StllliC 'Y'"''ll' al \II 
illJCCI IHll :ur tlr StC:tll\ Into Ctnllamin:tlcd tonn, r:11\111g tctnpnaturc~ ;uHI Vt ll:ttillling '1rg:u lll' 
rhcmrral~. 

·--- - ---------------
('ltrmic"nl Fxtrnrllnn [(; Soil W:o~ltlul! 

-· - --

In ·~II 11 Chemical Tr ratrncnt Trc:umenl rhcmicorh arc ;rpplrcd llrrcrtly to conr;unrn;tlcd soil. 1\ v:1rrcty nl l'tlllll)lllfllth ('; Ill 

he applied, 111rl1111ing ncrrtrilliling ngcnl\ o~ul:ull~. snltlllli•·atinn/,lahilllatu 111 ag~ill!'l, 411ld 

nutncrH~ lor biological 11ea1menr. 
-- ----- - ----

( ]ICilliCill FxiiiiCI inn ,To! Sorl f'ont:Jminanls are washc<l from the rxcavatcll so1l into a rhernical solvent. 'lln: h!Jlllll IS 
Was~ing created ltl remove nnd destroy rontan11n<1111s, ;unl the solvcrll is reused. 

Jn.siw Soil Hushmg lnorg;rnic or org;rnic contaminants are exnactl'll lrom so1l hy washing the soil w11h ~nlvcnr~ 
Solvents nre recovered, contaminnnls me extractell, :tnll the solvents ;~rc recirculated 
through the soils. 

lmmuhllltnllnn 
- -~-,- -· -- --~-

(';~pp•ng Cont:uninated soil 1.\ COVCrCll Wllh (OW·Jl<'llllC:Ihlhly (iiyns of synthCIIC lntiiCS or rl;•y llw 
cap " 1Jc~1hnrd lo lunil mliltralion ol prccipi1or11on :md tllus prcvcnr nugrorrio11 ol 
COillilllllllillll~ ilW:ty lrlllll lht..: SIIC :Jiltl illlll grtHIIlli w:llt'l 

------ -·-----··--- ·---- -------~--------- ------- --

S1 lli<IJiir:t! 1011/SI ilhtlt/:1111 Ill \V;"Il'' illl' l'tlllVl'lkd It I di\:11\ICally \lilhh: 1111111\ til illt' h11111ltl in ;t Sl:thlt: 111:11r" 
( """"'· " rc;lctltlll~ :uc 1111l11ttl 10 lrilll~lnrm ha;:trdnll\ lllillt:rtilh 11110 new, llllll hilfilfd< IUS lll<IICI lith 

·1 h.: g<~al is Itt fli<:Vt:lll m1grati1H1 of l'lllll:lllllll:tlll\ 
--------· ---------- -- - - ------

III·~IIU Vllnl"w:llll 111 l'lt:rlrlldcs :11c pl;wcd I'Crlwally in111 lhc Cllfllilllllll:tlctl ~orl reg~< til, and ;ut t'lrt 111r;d, 11111'111 
apphnl ·r hc ""'I' melted hy lhc rnulring 1111;11 ll'lli(X'Iillurco; Whl'" l he m\'IJ t'lltlh :11111 
\ftllllllw'. IIH' 11'\ullrng m;llcrrill i~ ~lahlc iiiHI !;l:t\' l1ke, w11h Clllll:lllllll:lllh l~llllltl Ill IIH" ",,, d 

--~- ----- ---- ---- -·- ------··- ·----- ------------- ------



EXIIIHIT A-l (Continued) 

IU~I\1 ED IATION TECII NOLOC'a' lli·:SCIU PTION S 

Tt-chnnlo~:lro; I llr,crlplion of l'ron'" 
------------~---------- --------------------------------

<;JWliNU ANU SIIUFACE WATFI( 

Naturnl Allrnuntlnn 

Atrntlnn/Air StrlpJllllll 

Hllrntlon 

Srtl!m .. nlnlion 

(;ranulur Arllvutrd Carhon (<;At:) 

Ad~orpll(lll 

11--------------·------

Chtmknl Trtnlmtnl 

llioln~;lful Trtulrntnt 

------------ --~~ ~ 
Conlilminant.~ man aquifer disr>erse nnd drhrtc through natural ground water tr;m~r'<rrl. 
Som!: naturnl <lcgradation lllliY ncrur. 

Contaminants, usually volatile orgamc compounds, nrc transferred from hqu11l ph;~-;c 1<1 

gaseous phase. lly conwcting conranunatc!l water w11h clean air, di\\nlwd V< lC\ ;~rc 

trnmfcrrc::d 10 lhe nirslrenm ro creule equilrhrium l>elwt·rn lhr phases ·111c pr1HT-..\ 1al..c' 

place inn cylindrirnltower packed wilh inert malcrral whith allows sulllcJclll ;1u/w;11cr 
conwcl to remove vufatifes from water. Conlallllllilllt.'i are lhcn removed lr<Hll thc 

Rirstream. 
----·----

Filtration removes Sll\f>entlcd S{)tids from lrqui1h hy pas~lll£ the mixture through a ll<HlHI\ 

rncdtum 

Soll1b 1ha1 arc more dense lhan liq1nd sellle hy gravlly and can he rcmnvnl lrom lh<' hq11rd 

Chemrcals 10 a1tl sc.:llhng may l>e milled. St:lllc.:d s11hlls rc~ulf 111 a ~ludgc·wlmh nwy I>L' 

lreatcd lurlher. 

Cii\C ~~ I''Lkr<l in vertical rolumm, and t'lltllilllllllale<l wa1cr llnws lhmu,:h 11 hy gr;1v1ty. 
(ii\C ha' n higll surrace Mea to volume raltn, and many compounds tead1ly lx)tHI 111 lhc 

cmhnn surfaces. Contaminants from w;rtcr arc thu.\ arl.\orhcd 111 ltw rarhnn. IHH.I ellllrclll 

wa1cr has il lowcr conl<llllirHHll conn:nlralinn. Wain m;•y l>c JHI\SCII thrnugh scvn;tl of 

the.\e columns 10 complere conlllminanl removal ~rwnt tarhon (I.e., c<trhon lhal h;l\ 
renchr·d tis nwximum adsorprion rapacity) 1s regcneraletl hy inc1neratu m. 

----------------------------
A\ Ullll<llllilliiiCII walcr nnw~ through lhc rc;ICIIIr Vt:\\('1, lOllS or ('(Hllilllllll;lnts arc ;llhorhcd 

10 a ~ynlhctic resin in lhc ves.\el. 'll1c reslll altriiLIS iiiHI .1dsorh~ con1arnu1an1 1011~. whtk 

releasing nnn h<~rmful ions inlll I he lrrillcd wain 
----------------~-

Chenucal~ can he <Hitled lo comamina1ed waters 10 chemically change or to rcrn11vc 

ronslltuenls. l'recipilation can be accomplished lhrough pllrontrol; ~olu11ons can he 

neulrali7etl; cnmaminants cnn tle oxidi7ell; nnd ~ol1th Gill l>e sclllnl •n11 of S<lllltlltn 

MlrrtMirg;ullsnJs 111 Cllntrollclf.envirnnrncnr reacl<liS ;tre IIIJII/ctl ro rl<'nHllfHJ\t' r11n1;"'"";rn1' 

in w;ltt:l. Nulrrcnls, pi I, tcmpcrillurc, <HHI orygl'n ;rv;ul:lhilily ;1rc cnnlr<tllrd lhr tlrl:"""m' 

drgr:~de CIHllilrninarus 1n1o simpler, safer contpo"'''" 

( { 'llllllllllt:d) 



EXHIBIT A-1 (Continued) 

H Fl\ I El>IATION TECII NOJ.OG\' I> ESC :n II'TI< )NS 

-- _]_ --
Ttrhnnlul!lrs lll!'srrlt•llnn nr l'rnn-.;o; 

----

1\hmhn•nl!' Srpnrullun 
-

Hcwr~c Osmmis 1\ St:lllJ-pt:rmeahlc mcmhr;mc i\ used Ill \cpararc dr,snlvcd rotllallltrt:onh lrom llquuh. llthh 
pn:~.\urc is nppllctlro rhc conraminated ~olutulll, whJch drives only the liquulthrm•hh the 

rm:mhrnnc. The rcsulr i\ 11 highly tllllrTnrrall:d nlnl:lnHnatctl snlutinn on the lu~h prt:\\lltc 

suh: nl the mcmhr ane, and ;t purilicd llquul on IIH' nppn~lle \1de of the llll'lllhr:nH'. 
--·-· 

I :teet rr 1dial~rs ·1111~ pron:S\ CllllCCIIIWtCS iotliC SfX'CU:S IIJ:JI ;JfC Ill ;HJIICIHIS Slllllllllll. ·nu: solu111111 '' p;t\,t:d 
IIHIIIIhh :tflcrnatc t:alllll1-fJCrllleahlc and ;lllJoll)-r)(:rmo·Oihlc· mcmhram:s lh:tl have ;m "I'Piird 
clt:crrir porcnrial. ·n,;.; poh:tHial pro 1vrd,-, a d11ving 1111 tc lor ion llllgr:tllooll 

-- ·-- - -· -- --- =-



EX IIIIHT A-2 

REMEDIATION TECHNOLOGIES AND SOME I,OTENTIALLY SIGNIFICANT IU~LEASES 

Technoh'111~ Air Watrr• c 0111,., L 

.. 

SOli. ANU SI.IJIH:I<: TF.CIINOI.oc;u.:s 

Soil IJ11ntlllnJ: 

Soil I :Xr;l\·aJinn, Transpnll, • l'll[llllv.: Cllll\'lllllS Ill • Hunnlf or lcadung nl • Sccp.1gc 111 1 unntt Ill lll',ul•y ·. 
Dumping, Screening nnd particulate\ uml volalllcs conwmintulls to surlan: or Sill I 

Gr;Hiing ground wtller 

Tlu:rmnl llrstructlnn 
---

Jm:incration: Hnt11ry 1<1111, • Fugitive 01nd st:1ck emis.\ions • Dischnrgc of scruhber liquor • D1spo\al of ash illld orhn 
l'hm11!1::d llctl, C1rculatin~ of metal fumes; particulmc~. nnd hlowtlt IWn suli!l rt:Sitlucs 
llctl, otnd lnfrurcd including mcwls untl ~•Its; 

anti pnxlucl~ of incnmplctc 
u unnust1nn. 111Ciut1ing organic 
mmpouml\, 11cid ga~~. CO, 
NO,, ami SO, 

l'yroly~~~ • Fugitive nnd \lilck cmi~\ions • Discharge llf srrullll<:r l1quor • D•-~ro~al nf a\h ;1nd tllln:r 
of mcl:ll fumes; pilrliCIIIates, and hlowdown snlld rcsrdtws 
induding metals :~nd snits; 
und pnxlucts of incomplete 
comnuslion, mrlluling oq;01nic 
cornpoumJs, nwl gas.es, CO, 
NO,, and so, 

---
Wet Air Omlation • Fugilive cnH\.\iuns of volarrle • Dischar gc of mt: tats <IIlli • IJr~pm<ll nl ~lullgr I l'\lliiiC\ 

organic COOl(XIIIIHfS UllO!Ci<lrtCd OfSilf!ICS 
--- ---------

Aqucou~ ·nJcrnwl • 1-'ugllrve 1"1111\\11111\ or vulrllile • Dischar~c ulnH·f;lh illlll • l>r~p"'"' nl ,Jntl~;t· r,·,llllln 
I )ccomp• r;11 ion (lfgillliC U Hll(X Hllld~ unml<litcll or galliC\ 

--·· ----- - -- - --------- ---- ---

( ( .Cllllllllll'tl) 



EXHIBIT A-2 (Cnntinuccl) 

HEMEIHATION TECHNOLOGIES AND SOME J•OTENTIALLY SIGNIFICANT HELEASES 

-- -

I r_-Trthnnln&:ln Air \\'afl"r" Ollu_.r~ 
---

I h·• hlorlnnllon [--------- --------

( i lycol<ll c J)cchlurinnl 11111 • Fuguivc cllli'i.~lom ol volaltli: • Dtschargc ol \jlCill \Oivl'lll\ 

nrg;uJI(; t11111(111l11Hh nml tlt:~radul nlllLIIllillillll\ 

ILl ~urfacc watt~L or lcarlung 

ro ground watl'l 

llinlo~:knl Tnntm"nt 

( 'nmp' lStlllg • Fugitive <'llli\~iom of • I caching nl llll'l ah iiiHI/t II 

Jliii(ICII)i!ICS and Vll)iiiiiC organtn 

organics 
---

In-situ llro<legrmlalinn • l:ugitivc cmi~\illll~ of volalilc • I caching ol mel ;fl, and/tlr 
org11nics organics 

• Disrhnrgc ol lll'ill<'il water 
- - ---

Slurry-ph!1~ or Solid -pha~e • Fugi1ivc cnu~~iun~ of volillilc • Di~hargc nf non dcgr;ldcd • ))"I" l\ill ol rC\!dU;ll llilllllil" 
Btoocgrndarion or gunit:S hypro<lucrs in sh11 ry liquor whtrh 01;1y l"IHllillll 

uml rrc:~rc<l cllluctll h;I!;JftiiHI' lllCiilh ,111d 

• ltunorr 10 surface wain 111 lo n:fracttny urgan11' 
ground water (with solid-

phase proccs\) 
------

Vnruum!Vn1•or Elltrnctlnn, Thrrmul llrsnrpllnn 
----- ,--------------- ·---

l11w Temperature ·nlrrtnill • Sliwk cnll\.~inm 11f v1 JlaiJh: • Di~hargc uf ~cruhhn 

Stripping org;uun blowllt!Wil 

• htgiiJVC 1:11\1\\11 IllS OJ Vll)iiiJIC • l>isrhargc !JI rtllllillllllldlll 
or g:lllw~ rondcmatc 

------ -----·----
ln-\llu VaCtlllll1/SII'illll • Fug111ve tllli\~11111~ ul Vlll:nilc • Di\ch;lrgc ur Clllll:lllllll:llll llf • Pi~[" J\;d or r c gt'Jli'Jilllllll 111 
J:\lfiiCIIllll nrg:u1il·\ w:~tcr rnn• lrll\illc sp.:r11 illiiV,IICd C,lff,lll 

-----------~~-- -- ----- -·------ ------ --- --------

(f'lll\lllllll'll) 



EXIIIUIT A-2 (Continued) 

HEMEDIATION TECIINOLOGIES ANB SOME f»OTENTIALLY SIGNIFICANT HELEASES 

Ttdrnolotlrs [ Air I \'l'nlrr• =r= Olher-• 
----

Ch.-mlrnl E~lrnclion l<: Snll Wn~hin1: 
---· 

In 1i1u Chemic,11 TrtlllllJCIII • Fugtllve t:Jlli\.~H>JJS ol Ytll<ii!Jr • Hunnff of unc·•>ni<I!IH'tl • l'o.'i-liblc .\olvc/ll lt:SHitJ.JI\ J/l 

orgnn•c cllll1J1! HI tHis trearmt nl chclllJl';tiS IICalcd SOil 
-~-· 

("hrmical••r Solvcnr • Fugili\'c cmis\11111\ ol volalllc • l'o'il·<.:~lracllon dr~dtar gc nl • "''"•1>11: ~·•lvcnl ,,.,11luah 111 

f·~fl ilCIIIIII or gmuc u >rll()t '" rHh w<r.\lt.:wall:r wllh nlr<rl'lcd lll'OIIcd ~orl 
cnnlllminanl ~ 

'-~-----

St~rl Wa~l11ng • J'II~IIIVC l'llll\\illll\ Ill VOfilllfC • l'c~r-wa~hing dtsch;ll ~c 11f • I Jr"·har gc nl hlillll wllh 

c >r gunic nllll()t >umh Wil~lt:W;IICI" "llh t·~rt;tl'l•:d n1e1;~1\ and 11rg;111f<, 

n llll<lllllll<llll s • I ll:posll it 111 nl ~I'll IIIII 111 a I IIIII 
shtclgc rcstdu;•h 

• Dcp<~ilum nl lllllll'itkd, 

cnnl<tllllllitlrtl fines 
---

In-situ lioi,l Flushing • ru gil ive Cllll\.\ll lll~ of vol<tl ile • Le:~ching of cnnl illlllll:tlnl 

orgnnic comp!n•nds nush water, liCid\, ha\e\, 
chcf<ll in~: ag\:111\, or 

surfacl ani s 
. -·---

lmmnhillznllnn 
-------- - ---~---------

<·apping • Fug11ive Ctlli\.~1110\ uf • I c:~clling of C<IIJI;utHilillliS In • I :11eral nHl\TllH'nl < ll voLt! tit" 
raniculltlt'\ ;]JHI vulaltlr~ ground wat<:r org;n11L l"Oill()(Jtll1th ;llll·r 
dttrlll0: Cljl l'llllqfliCIItlll C<IJljllllS 

. - ·---- ------- ----------
S< didili<illl<lll/S I ;thllll il I It 111 • l"ugtttvt.: l"tlli\\1<111\ 111 •. None hkcly • l'<lll'llllill lt:;1rh1llg 11, ...,1,!1" 

(ldiltilll.llc~ Oil HI Vt d.lltlt-'o ;11HI 1~101111<1 w;•U·r ol 

Ct lllldilllll;llll \ /(<I ill "' I k I ollet I 

11\.lll'(l;tf <IVt:f Ill I)(' 
-- ------ ·-- ------ ·-- - --- ---- - ---- ---- ----- --- --- ------------ ·------- -- -- -- ---- -

(< '•mtllltll:d) 



EXIIIIHT A-2 (Continutd) 

HE~1EIHATH>N TECIINOLOCIES ANil SOME POTENTIALLY SH;NJFICANT HELEASES 

TtrhnnlnJ:Its Air 

In-situ Vitriflcnrion • Sur fare fugitive enm~iom of 
vol:uilc organics nnd vola11le 
mctnls during the protT.s\ 

-
(;I~OIINJ>W,\TEit i\Nil SllltFA<'E Wi\Tio:lt TECIINOI.()(:IJ.:S 

Non-Trrntnu·nt Artion' 

Naturnl 1\ttenuaflon • h11i~~Hll1~ of volnlllc nrg:inic 
C< llllpt ltJJld~ 

--
Pump without Trc:11mcnl • l'tlli~-;illll\ of volalllc nr g<HliC 

' cnmpnunll~ 

Air Strlppln.: • Swrk <~nrl fugitive cmis.~ions 
of volatJie org:mics 

Fill rnllon/Srllllna • Fugitive emissums of volatile 
organic l'nmpounrls from 
St:tlhng h:!SIII 

c:rnnulnr Artlvnlrtl C'nrhon • Nonr. likely 
A<l,nrpl inn 

-------- -----

Wntrr" 
-----

• Discharge of snuhhcr 
solution 

• l'os.~thlc cont ;ullln:ltllll1 ''' 
J:rllUn!l water undtl the 
trcatmrnt ;trl'a 

----

• Aq1111er dJsrh:tr,;c to surl<~cc 
water 

• ContJnucd iiiJIIIIn tr<~l1'1"lll 

of ront:lllllllilllh 

• Di-.chargc of llll!rc;llt'd w;11cr 
111 surf:tce water or l'ui•IJtly 
Owned Trcauncnl Wor b 
(I'OTW) 

• Seqwgc or lllllrCillt:tl \1/:ill'l 

• Discharge 10 surlacc Will~:! or 
CfnliCOI frCille<.J Water Wllh 
residuRI lllCIIIIS, Jlilrlll:III<IIC\, 
or nonvolnt ilc nrganirs 

• Disdwrge of clllu!'nt w.l!rr 
rnnl<linmg tli'>-~olvnl StJiuh w 
llllleiiH IVed p;lllirlt:\ 

• Disch;trgc of clllut:nl wllll 

non-ndsor hahl<~, low 

nmlrwlar wc1gh1 rotlll""lll<h 

(Continued) 

-

Other~ 
----

• l'tllt.:nllal l:ltcr:tl nugratulll 111 
vallllrrtt.:ll nr leachl'd 
COill:lllllll:IIIIS in It l fill' \1111 

that surrtlllllth the Vltllfll'll 
llltlll<llith 

---

- ----

---

---
• J)l\llll~al nl ~ludgt: 11'\lllu; 1)\ 

lrom 1'(11 W 

----
• Dt\()llSill or lliiCkW;t\ll Ill 

clcnning re~1ducs 

.I 

---
• I lJ.~(ll 1sal of l1ltn t 01~c or 

sludge n uii;Hnmg 1 ng;Huc 
mcJal~. <lr (Hiler lll<lr;;•nll<' 

'· 
' 

• Di'IHlsill and/111 Jl'g•·,u·r;Jt 11111 

<If spent c;u '" 111 

-- -



EXHIBIT A-2 (Continued) 

HEMEBIATION TECHNOLOGIES AND SOI\IE POTENTIALLY SJCNIFJCANT HELEASES 

=' - - - ', 
" 

Tnhnolt.,;l~" Air \'l'ut.-r• Othn • _,, --- '----------------
_, __ 

--

I on F•rl111nl!~ • None l1kdy • I ho;chargc 111 h;1rkw;"h w;11cr • I )1\(l< I\ ill ;llHI/t ll rcgt·ncr .a Itt ltl 

ol \("1<:111 rc~lll\ 

-
, __ 

- ___ , ----------
( ·h~llllt-111 Trt-llltn~nl • lu£111VC Cllli\,ltlil~ 111 volalllc • (),,charge of clllm:nl Wllh • I l''P' ""I Ill (fCilllliCI\f 

org11111C n Hllf'lllllllh I rum trCIIfnlCIII IC\HIIIt:S ~hulgo 

II Cilllllt 111 lilllks 
-- ------· 

lliolo~:lrnl Trtnlmrnt • hllls.~tons of vt>laltlc organics • Dt'>Chrtrge of cfllucnt with • l>l\(l<l.~<ll O( lrC;tllllCIJ( 

in aerobic lre;Hme•ll m uue unremoved ~olttls sludges 

1 '> ac r<ll inn 
- ------ -----

1\ftmhrnnt Srpnrntlon 
-

ltcvcr~c ( lsmo~is • None likely • Discharge of d llucnt • l>t\lh011£t Ill rtllll"t:llltitiC 

Cllii!Ciintng llllflltC!CII tllgOIIliC'> ~lft:illll Wllh Cllllli:llli1L111h 

(dc~n<h on ftltn membrane I l"l111 lVl tl lr0111 I!Cilletf \\',IlL'( 

11~rd) 
- - ·-------- -----, -

I :len ro<l1rtlysis • Nom: l1kcly • ll•~ch;ugc of 1rcatctl t'llltlt:lll • I ))\Chiiii'C tlf l'tl!H'l'llll.tft' .. 
~ffl'illll Wllh t'!llllilllltlldl\1\ 

rc nH>vnl I 111111 IICii!Ctl w;llt'l 
-· =co=-=c~ ·-_ - - --

·· In !:•·nt:r<il, \ITfl.t!;t· ~""I \t'ilt li111g ilfC 111111,. il~vly It 1 .tllu I gr<~lllid w,l!n. 1>111 '""'tl .ohn u llll•lllllllill c S<IILH ,. Willt'f I( II IIIli\ :11111 tiL\Ch.tl gc "' c ~t·lt ,,.,L., 111.11 " 111 11 1" .1 

\tkrly ttllllillllil);l!c ~111\itl'l: WiiiCI, IHII Ctlll\d ,d\11 l'<tlll.tllliii:IIC gttltllltl Willi'/ 

io (lll\l't rclt'ii)L' 11111t1tk trci\llll<'llf 1C,11111.>h 111.>1 1H1·d l111ilwr trc:iiiiJ<III 111 jH<tjl<:l tli>po,;d IJJil\11\l C.l\1'\, till\ Ctlhlllll\ relet\ 111 ''""<;•· or'"'"''''"""'" l\l.ll tll.l) ,II·<> 

he hil/itrdllll~ 
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APPENDIX B 

QUANTllYING POTENTIAL RELEASES FROM 
SELECTED REMEDIATION TECHNOLOGIES 

Remed1atton acuvHies at hazardous waste s1tes 
have the potenual to cause emiSSions and 1mpacts 
in addition to those bemg addressed. Potenual 
emission sources dunng remediation mclude pomt 
sources oi treatment res1duat such as incmerawr 
stacks: fugitive emissions from 1re.a tment 
equipment leakage; and areal sources of volaule 
orgam.::s and fugiuve dll5ts from the disturbed 
surfaceo·fa contaminated !and area. UnconuoJJed 
releases can result in exposures to contarnmants m 
sods. surface water, ground water. and ambient a1r 
surroundmg the treatment equ1pmenL ll1e 
follov.1ng sections provide ctescnptions of several 
common remed1auon acuvities to serve as 
examples of the ronsiderations involved in 
q uanl!fying technology-specific releases. This 
appendu also contains a list of references that can 
be useful in qu.1ntifying potential air releases for a 
.. .-ariery of remediation technologies. 

B.l SOILS HA.~'DLI~G 
TECH:,OLOGIES 

Soils handling LS a major romponent of nearly 
Jll ex-sl!u technologies for treating rontaminated 
so1!s. Soil handling activities include: excavation; 
transportation (e.g., to srorage or treatment areas); 
dumpmg 1e.g., onto trucks or piles); storage: and 
grad1ng the treated or replaced soiL Any or all of 
these acuvities may result in fugitive dust 
emiss1ons. the main type of release from soils 
handling. These emissions can carry organic 
and/or inorganic contaminants, which may be 
bound to soil panicles. for great distances away 
from the site. Soil handling activities also can 
increase volatile organic emissions by exposing 
contaminated soil to the atmosphere, and through 
agitation of the soil. 

Some of the important parameters that may 
affect the fugitive dust emissions potential at a 
contaminated site are listed in the box below. 
These paramete:-s depend on site and remedial 
activitv ct":aracteristics. Details can be obtazned 
f~om or.site observation or from vendors and;or 

operators. Some or all of these parametcs ~a1 
alreadv have been considered in the Rl.FS 
::=-ugttive dust emtss1on facwrs (mass :;er ur.:: 
operation) or rates (mass per unit time. ceri\eC 
from emission factors) for volatile o~~anJC. 

particulate and/or metal contaminants dunr.g each 
soil handling remedial activity can be estl:nJtec 
usir.g equations and proceDures outlinee i:-: the 
documents listed 1n SectiOn 8.4. These er.uss;on 
factors or rates wn be used as 1nputs to fate anJ 
transport models. which are used to generate 
exposure potnt concentrations. Additior.al 
Information on exposure assessment can ~e 

obtained from Chapter 2 of this gUidance and 
Chapter 6 of RAGS/HH£~1 Part A 

KEY PARI\..\fiTERS AFFECTI:--.'G 
RELEASES FROM SOILS HA.."'DLlNG 

Area of working suriac.e 
• Agitation factor 

Drop he1ght (when transferring soil' 
• Storage pile geometry 
• Soil moisture content 
• Soil silt content 

Meteorological ronditions 
• Chemtcal charactensuc:s 

B.2 THER\1AL DESTRuCTIO' 
TECH I" 0 LOG IES 

Thermal destruction uses high temperature 
and controlled conditions to oxidize an d./or decrade - -
a-substance into simple combustion productS sue:< 
as CO-z. H-zO vapor, 50-z. ~Or HCl f35es. and Jsh. 
Thermal destruction methods can be used :.:: 
destroy organic contaminants in llquid. pseous. 
and solid waste streams. Incinerators are l'Y f::: 
the best known and most studied the::-:-::::. 
destrucuon dev1ces. In manv cases. therrr.a! 
destrucuon techniques that do not have suffic:e:-:~ 



e:n!~SlOr~ ~3:3 CJn ~e Jssumed to .13\·e em:ssion 

-:!-.aracter~s~tc:s s:mliar tu mc:nerators. 

Em1sston sources from incmerators tncluc.le 

process emissions and fug!!ive emissions. 
Incinerator process emissions include stack gas. 

bottom ash. and air pollution control device 

residuals. Fugitive emissions include uncontrolled 

·Jr undetected equ1pmenr leakage. Process 

emissior. estimauon methods for organic 

compounds, metals. particulates, and acid gases 

(HCl, 501. and HF) can be obtained from EPA 

(l985a) (see Section B.4.1). Fugitive emission 

sources and equations for estimating emissions are 

detailed in E?A (1989) (see Section B.4.1) and 

Holton and Travis (1984) (see Section B.4.3). 

Fugmve emissiOns from soils handling prior to 
incineration can be estimated using the guidance 

given in Section B.l on soils handling. 

Emissions from thermal destruction 

technologies generally c:m be estimated us1ng any 
one of the approaches listed below. (These 

methods do not directly account for removal of 
contaminants by air pollution control devices that 

may be used to treat emissions from thermal 
destruction devices.) 

Def~ult ~pproach: Thermal destruction devices 

at most contaminated sites may be required ro 
meet the requirements under federal 
regulations such as RCRA or the Toxic 

Substances Control Act (TSCA), since these 
requirements are generally considered A.R.ARs. 
RCRA requires at least 99.99% destruction 

and removal of regulated orgamc constituents 
from wastes. TSCA requires 99.9999% 
destruction and removal for v.'a.Stes containing 

?CBs and diox1ns. Thus, organic emLS5JOns 

from thermal destruction of hazardous waste 
can be estimated by assuming that the above 
requirements of RCRA and TSCA w11l be 
exactly met, for pollutants covered by those 
regulations. Similar requirements can be used 
ro estimate HCl em.is.sions, but this approach 
may not provide estimates for paniculate or 
air emissions. 

Trial run approach: Federal regulations such 

as RCRA and TSCA require trial burns to 

demonstrate removal efficiencies. \Vhenever 
trial burn cata for the waste in question exist 
they can be used to estimate the emissions 
that might occur during actual remedv 
implemental!on. Data obtamed from trial 

.. ---

--~rt:s 21 ~::·:-e~e::t s::e~ o: u;r:e:e;;: ~ ·:~:--.~~.-.: 

' ... r;~ts ;r:::rr. ~r.e s~me s::c ~:l te L~cJ ;, ~ 

Theoretic~} or emp1rical approach: 

Theoreucal or applicable empirical eq~.;a~Ions 

- often called models - can be used to 
estimate emissions. 7hese models C:.Jrre::lte 

1ncmerator uperaung parameters anu ?Oi\u:an: 
emission rates. 

Some of the important parameters that rr.ay 

affect the emiSSIOns associated ""1th thermal 

destruction technologies are listed in the box 

below. Many of these parameters are de\1ce 

dependent and can be obtained from onstte 

observation or from vendors and!or operators. 

KEY PARA.\1ETERS AFFECfi~G 
RELEASES FR0!\1 THER\1AL 

DESTRUCflON 

Waste feed rate 
Burn temperature 
Residence time 
Excess air rate 
Facility size/type 
AtOmization 
Conlro! device effic1ency 
Chemical charactenstics 

B.3 SOLIDIFICATIOS/ 
ST ABILIZA TI 0 :" 
TREATMENT 
TECHNOLOGIES 

Solidificatiorustabilization technologtes are 

used to immobilize the toxic and haz.ardous 

constituents in the waste by changing those 
constituents into immobile forms. binding them m 
an immobile. insoluble matru:. andlor bindmg them 
in- a matrix that minimizes the material surface 
exposed to solvents. E-.:cept for emerg~n~ 

technologies that involve in-situ treatment. the 

impiementation of stabiliz.:3llon or solidift;:.JtJor. 

generally involves several of the SOlis i'.Jndlin:, 
activities discussed in Section B.~. The box oelo·.
lists some of the key paramete~ 3:fecting rele:!se: 

associated "'ith soildification/ stabiliuuon. Th.e;sc: 
p.:rameters depend on the speci:':c: 



suiidificauon.'staoiliZ3liOn orocess. These C3n be 
obtatnec frorr. or.s1te ooservauon or from vendors 
and/or O?erators. 

KEY PARAMETERS AFFECTI~G 
RELEASF.S FROM 

SOLIDI FICA TION/STABIUZA TIO~ 
TREAT~1ENT TECH~OLOGIES 

Binder rype 
Batch s1ze 
Waste/binding agent ratio 
Mixing time:efficiency 
Curing time 
Meteorological conditions 
Chemical characteristics 

I .- r--..-..-....=a:a~--- ?..:. ____ IrS_ ... __ 

B.4 REFERENCES FOR 
DETER1\1INING RELEASES 
RESULTING FROM 
RE:VtEDLJ\L ACTIVITIES 

Provided below are references containing 
discussions of remedial activities and 
methodologies for determining releases associated 
\lrith these activities. The references presented 
under the heading of various remedial activities 
contain information regarding the majority of 
remedial activities that may occur at a site 
(including soils handling, thermal destruction. and 
stabilization/solidification). The remaining 
references contain information specific to the 
activity listed in the heading. See the references 
provided for the main text of RAGS1HHEM Pan 
C, especially the Rl/FS Guidance (EPA 198&). for 
additional references. 

B.4.l V A.Rl 0 US R£..\1£0 lAL ACTIVITIES 

Primary References 

Environmental Protection Agency (EPA). l985a. 
Hantiboak: Rt:medial Action ar Waste Disposal 
Siti!S (Revised). Hazardous Waste Engineering 
Research Laboratory. EP N625i6-85/fX)6 
(!'HIS PB87-201034/XAB). 

Provides information on remedial 
technologies, selection of appropriate 
remediation technologies for a gtven waste 
site, and planning remedial activities. Includes 
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dtscusstons of ur.stte and otfstte c~~:::o<cal 

v.astes and sod. re:no-ai an~ contalr.;.-;e:-J: ,. 
-.:ontamwa1ed sedtments. :.:nd 1:-:-,::c 

:re::~tmencs. 

E? A 1989. Esnmnnon of Air EnJ:..sswr.s :':-.)n: 

Cleanup Acm:mes ar Superf .. m{; S;res. 
Air:Superfund National Techntcal Gt:JGance 
Study Senes. Volume 3. Office l)f .-\Jr QuaiJt\ 
Plannmg and Standards. :::?A ~50·l-S9C~:; 
(NTIS PB89-1S0061/XAB). 

This document provides a step-bv-steo 
protocol for esumating a1r quatity tm?acts 
resulting from Sl!e remedtauon. Presents 
emissions estimation techmques for thermal 
destruction devices, atr stripptng of ground 
water. in-situ venting. soils handlmg. ar.c 
so i1di fica tion.'s tabiliza tio n . 

Additional References 

EPA 1990. Emission Facrors for Superf!lnd 
Remediation Techn.ologzti. Draft. Office of 
Air Quality Planning and Standards. 

EPA 1988. Supajwul Remol·a! Procedures 
Revision Numba Tttru. Office of Emergencv 
and Remedial Response. OSVv'ER Direcuve 
9360.038. 

EPA 1986. Superfurui Ren:edwl Dcs;g-: n-:c 

Remuii.ai Action CuUillnce. Office or 
Emergency and Remedial Response OSW!:P. 
Directive 9355.G-4A 

B.4.2 SOILS HAl'•iDU~G 

Primary References 

EPA 1985b. AP-42: Compilanon ofA~r Poi!uuar: 
Emission Facrors. Fourth Ediuon. Offtce o: 
Air and Radiation. t>.'TIS PB86-!2-t?J6. 

This document contains emissions clata 
obtained from source tests, material balance 

- studies, engineering estimates. Jnd orr.c~ 

source:.. Emission factors and equauons are 
derived from sand and gravel processrn.; 
(Seer ion 8.19.1 ). crushed stone opera !lons 
(Section 8.19.2). surface coal mmmg (SectH-'r. 
8.2.4), and fugnive dust sources <Secuon ; 1: 



E:? :l... ; l!85c. Rnpu: Assessrnenr of E..::posure 10 

:=::.."'",rzcu:'t:Ie EniJSSJOns f.ron] SlJl"/rice 

Cor::nnnr.nnon Sires. E?.t•J6001A-85 [('2.. 

This document pro•1des a methodology for 
raptc! assessment of inhalation exposures tc 

resptrable pantculate emtssions from surface 
.::ontammated sites. The methodology conststs 
uf a site survey procwure and paruculate 
e~uss10n iactar equations for wtnd and 
mechanical entratnment processes. 

EPA 1990. Dew~iopmenr of E.wmple Procedures 
for Eva/uaung rhe Air Jmpaccs of Soil 
Ercm:mwr. Associated wuh Superfund Remedwl 
Acnons. Office of Air Quality Planninf and 
Standards. E?Ai450!4-90t014 (~!S PB90-
:'55662..'XAB). 

This document iuenufies and defines 
computational requirements for estimatmg an 
tmpacts from remediation of CERCLA sttes. 
The estimation of air impacts from two 
example sites employing soil excavation are 
discussed. Modified Research Triangle 
Institute (RTI) land treatment equations are 
used for calculating emissions from 
excavations. 

Additional References 

Baxter. R.A and D.M. Wilbur. 1983. Fugin•·e 
Parricu.late Marter an.d Hydrocarbon Emission 
Facrors from Mining, Handii.-:?., and Srorrng 
Dwromire. Aero Vironment. Inc. Pasadena. 
Cali forma. 

E?A !977. 
Industrial 
Enasswns. 
Standards. 
288!2). 

Technical Guidance for Conrro! of 
Process Fugztiv~ Paniculare 

Office of Air Quality and Planntng 
EPA'450!3-77/010 (!'afS PS-:"7: 

EPA 1985d. .\fodeling Remedial Actions ar 
Unconrrolled Hazardous Wast~ Sires. Office of 
Emergency and Remeaial Response. Office of 
Solid · Waste and 
EP N540/2-85/001 
9355:0-8). 

Emergency 
(OSWER 

Response. 
Dnective 

Orlemann, J.A and G.A Juue. 1983. Fugrm·c 
Parrrcu/are Dust Conrrol Technology. Noyes 
Public.auons Park Ridge. ~ew Jersey. 
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B.4.3 THER~t-\L DESTRLCT!OS 

Primar: l<.eftrences 

Holton. G.A. and C.C. Tra•1s. 1984 . .\1e:hocol\:~. 
ior Predtctmg Fu~1uve Emisstons ; •r . '-' ~ 

incmerator Facilities. Em·ironn:enrn: Pro)!:e:.: 
3:2.. Oak Ridge t\ationai Lab .. :--ic:alth &: 

Safety Research Division. Oak R1Jge. 0 

E~ror analysis and .\1onte urlo model1r.g 
techniques are used to predict fug1uve 
emissions caused by leak:y pump fitunp. 
samoling connections, flanges, storage tar:k.s. 
and other non-stack equipment. 1 ~r. 

equauon.s and three parameter value tables are 
provided for emission calculations. 

Travis. C~C., E.L Ernier. G.A Hohon. :: K. 
O'Donnel, and 0.~1. Hetnc~ 19~ 

Inhalanon Parhwav Risk Assessment ,. 
Haznrdous Wasce /ncinemnon Facllines. C:::~o; 

Ridge National Lab. Oak Ridge. Tennessee 
ORNUfM-9096. 

This repon..e\'aluates the relat.ive·imporrance 
of plant design and v.-aste physicochemtc.a! 
variables on human inhalation exposure and 
health rislc using rwo hypothetical incineration 
facility designs of three sizes each. burnm£ 
three different generic wastes. Fugn:"e 
emissions are calculated using equauom 
relating incinerator facility operation ar~c 

configuration to fugitive emissions. 

Trenholm. A and D. Oberacker. 1985. "Summar. 
of Testing Program at Hazardous Wastt 
Incinerators." Proceetizngs - Annual Souc· 
WaJU Rllt!arch Symposwm. Environme:-:tal 
Protection Agency. Cincmnati. Ohio. Recur: 
No. COI"F·8504112.. 

This anicle summarizes tbe results of tes:..s 
conductea at eight full-scale haurdous 
incinerauon facilities. 

Additionnl Referen~ 

Cheremisinoff, P.K 1986. "Spectal Resort 
Haz.araous Materials and Sludge inctnea :")r, • 
Journal of rr.e Air Pollunor. E::g;r:a.":-:; 
18:12(32-38). 



::?.-\. ~ S:,...!. Pc~Orrnnnce ~·.·r:i~ll'lt:on. of F:..Jil-sc.aie 
Hc.:.r.r:1ou.s ;~·r.sre !>-:c:r:c,1fors. 1 f=rve 

volumes. l Ir.austna! fr.qror.mer.:ai Rese.::rcn 
:....aborawrv. Cincin:1au. Oi-1. E:P . .;-wJ-:-~
:81 a-e (l':T!S PB85-1295C-.J) 

Lee. C.C.. G.L. Huffman. am~ D.A Oberacker. 
1986. "Haurdous/Toxic Waste lnc;nerauon." 
Journal of the Azr Poilu non Cor:rro/ Assocu;uor: 
36:8. 

Oppelt. E.T 1981. "lncmerauon of Hazardous 
Waste. A Cnucal Review." Journal of the AI.T 
Po!i:J.non Con:roi Assocumon. 37:5. 

Staley. L.J .. G.A Holton. F.R. O'Donnel. and C.A 
Little~ 1983. ·An Assessment of Em1ss1ons 
from a Hazardous Waste lr.cinerauon Facilitv, 
lr.cmeration and Trearment of Ha.z.aroous 
Waste." Proceedings oj riu Eighth Annual 
Researcn Svmposwm. EPA-&X}/9-83:003. 

Wallace. D.D .. AR. Trenholm. and D.D. L1ne. 
1985. ·Assessment of Metal EmissiOns from 
Hazardous Waste IncineratOrs." Proceedings-
78rf: A.PCA Annual Munng. Paper 85-ii. AJr 

Pollution Control Association. Pittsburgh. 
Pennsylvama.. 

·-.... ,_ 

BA.-l 5TAB!L1ZA TIO...-·SOLID!F!C-\ T!O' 

Primar:· References 

Cullinane . .\!.J .. L. W. Jones. a:-:d ? G. \:aicr:e 
1986. Jicndbooi.: for Sr,;:Jli:.::,~rwr. Soiwdicr.::on 
of Ha::araous Wasre. :-:az.aroous \\3s1e 
Engineenng Researcn Labor a torv. E:? A.~ .!I~'-::. 
86;001. 

Hill. R.D. 1986. S:ai:Jlh:.arzon Soha:_ficanor. o· 
Ha::ardous Waste. r-!azardous \Vaste 
Engmeering Research LJ.b. E:?A·&.,'J D-
861028. 

This document discusses tech me ues such as 
sorpuon. llme-fly ash Poz.zolan process. 
Pouolan-Ponland process. thermop!J.Su:: 
m1croenwpsulation. a:-c ocher techn;ques. 

Additional References 

Cullinane. M.J. and L W. Jones. 1985. Hanilbooi.: 
for Stabilizarion!Solid.lfu:arion of Hazardous 
~·asu. Prepared for: En"1ronmental 
Protection Age..'1cy, Hazardous. Waste 
Engmeenng Research Laboratory. Office of 
Research and DeveiopmenL EP A'540!::-86-
00L 



APPENDIX C 

SHORT-TERM TOXICI1Y VALUES 

The short-term effectiveness cnterion for 
evaluating remedial alternatives includes an 
evaluation of the risks due to the short-term 
exposure of populations ro contaminants during 
remedy implementation. Such short-term risks 
generally include both baseline risks from existing 
site contamination and nev< risks that would occur 
during the implementation of a remedv. In some · 
cases, potential exposures and risks d~e to short
term exposures should be quantitatively ~ 
however. there is no s1mple or ~idely accepted 
method for estimating such risks. Therefore, in all 
cases where short-term toxicirv values are needed, 
TSC should be consulted. EPA's Environmental 
Cmeria and Assessment Office (ECAO; where 
TSC is located) will maintain the data files for the 
most appropriate short-term toxicicv values for 
evaluating risks from remedial alte~tives. To 
obtain the most up-to-date information. regional 
EPA CERCLA staff !lli!:ll contact: 

Superfund Health Risk Technical 
Support ~nter 

Environmental Criteria and Assessment Office 
U.S. Environmental Protection Agencv 
Mail Stop 114 · 
26 West Martin Luther King Drive 
Cincinnati. OH 45268 
Phone: 513-569-7300 (FTS-684-i300) 
FAX: 513-569-7159 (FT'S-684-7159) 

Requests from others must be submitted to the 
TSC in ~ting and must rontain the follO\lting 
mformauon for consideration; 

~ERCLA site name, site location, and 12-digit 
sue number; 

name and phone number of the RPM; and 

detailed description of the risk assessment 
related question. 

The remainder of this appendix provides some 
general background on exposure duration issues 
and an overviC'N of some of the existing methods 
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for deri..,ing short-term human he3lth 
values. 

C.l BACKGROU~l) ON 
EXPOSURE DUR-\. TIO:\' 

!OXIC!!'. 

In assessing short-term risks of remedtal 
alternatives, the time frame (e.g., hours. davs. 
weeks up to seven years) i.s generally of a mu.cr. 
shorter duration than that identified in the 

baseline risk assessment. Nevertheless. there are 
a number of types of lOXlcity values that have been 
developed to charactenze risk due to these short
term exposures. Some of these types depend on 
concentrauon- or dose-based threshold limits that 
are used as guidance levels for protection of 
s~fic populations from specific exposures (e.g., 
gu1dance levels intended to protect healthv workers 
from daily occupational exposure to ch~mical.s in 
the worlcplace). In this section. the types of 
exposure durations rommoniy suggested or implied 
by the toxicity value types (discussed later) are 
presented. 

Releases that may oo::ur during remedv 
implementation rould last for varying duratioO:S 
but are expected, in most if not all cases, to ~nve 

rise to less-than-lifetime exposures. Furtherm~re. 
releases that oa::ur during remediation mav result 
in exposure levels much higher than- those 
prea:ding remediation. Different risk levels rna-..· 
be associated with these different exposur~ 
durations (assuming the same dose rate) and 9.'ith 
various exposure ccn~ntrations. Therefore, rt IS 

important that the dose- or roncentration-basect 
toxicity values that are chosen to characterize the 
shon~term risks be based on appropriate exposure 
durauons. Exposure durations associated with 
e?sting methods for characterizing short-term risks 
include hours, days, weeks, months, and years 
(generally up to seven years). 

Curr~tly. RAGS/HHEM Part A defines th:-~ 
exposure durations. apan from long-term exposure. 
that may be of roncern at CERCL-\ sites:· ~ingle 



tx?osure t:\·enr. 'e~· si":on-:e;::-: ~\::'t~~ure, Jnd 
shon-ter:n (suocnronJC i e.x:Jc::~ure 

Sin2le Exposure Event- -:-he rr.3JOfl!V o:· 
..:he~tcals are capable of produ~.:ing an adverse 
health effect af1er a stngle ex?mure e,·ent. 
dependmg on the mtenstty of exposure. For 
developmental toxicants. irntants. and 
neurologtcal poisons. a sin~le. low lc\'el 
exposure event can result 1n effects af:er 
m;nutes. hours. or a day. 

\'erv Shon-term Exposure. For some acute 
toxi.cant.s. multiple exposures over several davs 
could result in an adverse eifect. For these 
chemicals. the exposure is assessed over days 
or weeks (up to cwo weeks). 

Shon-term (Subchronic) Exposure. Exposure 
Jastine am-where from cwo weeks to seven 
vears to low concentrations of a chemtcal can 
~lso produce adverse effects; thi.s exposure is 
asses~ed by averaging it over the spectfic 
duration. 

During evaluations of remedial alternatives. it 
mav be im-ponant to assess exposure (and risk or 
h;;:.::ud) for all relevant exposure durations. Both 
the shonest time period of exposure, from peak or 
accidental releases, to the cumulative exposure 
over the entire time period of the remedy 
tmplementaClon. may need to be considered. 
Quantitative assessment i.s contingent, however, 
upon the availabiliry of adequate exposu~e 

characterization. Exposure models used to predict 
concentrations have not for the most pan been 
,.alidated over the shon durations considered for 
smgle exposure events (e.g., minutes to hours). At 
best. meteorological data are collected on an 
hourlv hasi.s at a site removed from the location oi 
inter~t; using these data to derive a model to 
predict exposure concentrations for durations 
shorter than those for the meteorological data may 
produce results that could not be supported 
scientifically. In addition, the need to evaluate 
peak exposures as well as longer-term average 
exposures during remedy implementation depends 
on a number of considerations, including the 
deeree of risk or hazard associated with the longer
ter-m exposure and the difference between the 
predicted peak and average exposure 
concentrations. 

A re'-tew of the types of (duration-specific) 
to:~icny values that arc available (discussed Ia ter tn 
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:.'l!S appenCL\1 :r.JIC.Jles tiiJ~.; :;ur.:re:- ~__~; ~~~ :·.:·--·::

\.·0rresponc tc -..ancl!S c·J:-3~h:,ns rr:3: J:-r: .. ~.;..·'.,J;-,: 

~<_) releJses c:·Jrtn_l: ~e:nedv :rr.p!err:e~.:J~I,)~ 

3ec::JUse a tllXICitv ,·alue ~c:Je;ali\ IS spe..::i:..: :,· ~ 

certain durauon. nowever. nsk mav nee:..: 10 :--c: 
charactenzed separatelv for t:-te three shon-tcrm 
e.'<posure durations 

C.2 EXISTI~G SHORT-TER\1 
TOXICITI' VALCES 

Jn this section. commonly encountered shan
term taxicit:y values are summanzed. These \'alue~ 
are: (1) concentration and dose tl".reshold \·alues 
primarily for noncarcinogenic effects; and 1::; 
specific short-term carcinogenic nsk values. ...\ 
section is provided on each of these toxicity vait;e 
categories. 

c.::.l TOXICITI' VALL'ES FOR ASSESSI~G 
RISK OF NONCARCI:--lOGENIC 
EFFECTS FOR SHORT-TER~f 
EXPOSURE 

Toxicitv values desiened to charactenze the 
risk of non~rcinol!enic effects are summarized in 
the following subs;ctions. Funher information on 
the suitabilitv of these values for various CERCLA 
exposure sce~arios can be obtained from the TSC 

C:!.l.l De"Ydopmenta.l Toxicant Reference Dose 
(RffidJ and Reference Concentr.ltion 
(RfCdt) 

RID s and RfC. s are developed for chemtcats ctt ... t 
that have been shown to cause adverse effects in a 
dt.:veloping organism. EPA's Human Healtl. 
ASsessment Group of the Office oi Health and 
Environmental Assessment i.s in the process o: 
developing R!Ddt and RfC::H values and the 
methodology for their derivation. As proposee ~\ 
EPA (EPA I989b), these values. will likely ~e 

denved from the no-observed-adverse-effecl-level 
(NOAEL) or lowest-vhserved-adverse-effect-level 
ILOAEL) in a manner cor1.sistent with the 
cterivation of reference doses (RIDs) and reference 
concentrations (RfCs). and without adjustment ior 
short exposure durauon. RfDd~ are expressed in 
terms of dose and RfCd:s are expressed as an atr 
concentration. Additional information on these 
criteria is available in EPA's Proposed 
Amendments to the Guidelines for the Healt:-, 
Assessment of Suspected Developmental Toxicants 
(E?A l9S9b), or by con:acting the Reproduc[!ve 



and Developmentai Toxtcology Branch ot :he 
Oifice of Health and Em1ronmental Assessment at 
202-260-"733 l (FJS-260- '7331 ). 

Currently (Le., at the date of pubitcat!On of 
t hts gut dance), developmental toxicity ts constdered 
tn the derivation of EPA critena for 
noncarcmogentc effecl'i /including RtDs and RfCs 
for subchronJc and chroni'= exposure and drink1ng 
water Health Advisories [HAs]). That 1s. these 
critena are set at levels considered protective for 
developmental effecl'i as well as for other 
noncarcinogenic effecl'i. 

C.Z.L2 Subchronic Reference Dose (RIDs.) and 
Reference Concentration (RfCJ 

RtDss and RfCss are develcped by ECAO and 
are used to charactenze potential noncarcinogentc 
effects associated \>11th short-term exposures (two 
weeks to seven years as defined in RAGS/HHEM 

· Pan A). To date, approximately 305 RfDss and 60 
RfCss have been published. These RIDs and RfCs 
are developed based on NOAEI.....s or LOAEI.....s 
identified from subchronic (i.e., usually ~90 days 
but less-than-chronic) toxicity studies. RID~ are 
expressed in terms of dose and RfCss are expressed 
as air concentratioru. Subchronic RIDs and RfCs 
are available in HEAST. The derivation of RfDss 
is described in more detail in RAGS/HHEM 
Part A 

C.2.l.J One-day, Ten-day, and Longer-term 
Drinking Water Health Advisories (HAs) 

Drinking water HA.s developed by EPA 
proVIde guidance to assist state and local officials 
responsible for public health protection during 
emergency situations involving drinking water 
contamination. H.A.s are derived in a manner 
reasonably consistent with oral RID methodology. 
Accordingly, these HA values constitute suitable 
criteria for evaluating short-term oral exposure. 
The HA concentrations indude a margin of safety 
to protect sensitive members of the population 
(e.g., children, the elderly, pregnant women). 
"One-day HA" is the term used to describe the 
concentration of a chemical in drinking water that 
1s not expected to cause any adverse 
noncarcinogenic effects for one day of exposure, 
with a margin of safety. The "Ten-{jay H..A.. 
describes the concentration of a chemical in 
drinking water that is not ex~ted to C!use any 
adverse noncarcinogenic health effect5 for rwo to 

ten consecutive days of exposure, vvith a margin of 
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safe:v. Tne "Longer-term f---"u>l: is me concer:::-J:":.:. 
of a chemical m dnnKwg water tt',at io :1:: 

expected to cause 3 nv adverse noncarc:no ge ;,;c 
e:iects up to approXJmately seven years ,,: 
exposure. ("Lifeume HAs" that are prorecuve ror 
exposure over a liie!lme are also developec based 
on chronic RIDs.) 

In general. the HA.s described here Jrl' 

protective of only noncarcinogeniC effects. These 

values are expressed as concentrations 10 dnnk:ng 
water but can be convened ro mg;'l<.g.lday doses by 

using the a.ssumpuons that were applied 1n the1r 
calculation: consumption of 1 L'day by a 10 k~ 
child (one-, ten-, and longer-term H..A.s) and 2 
Uday by a 70-kg adult (lifetime !-LA). 

Approximately 140 HAs have been developed by 
EPA for each exposurr duration. (HAs are brief1y 
described in RAGS/Hl-iEM Part A) 

C.2.1.4 Acute Inhalation Criteria (AIC) 

A report describing the derivation of AlCs for 
benzene and beryllium is available through rhe 
TSC. A!Cs are derived as criteria for single, short
duration (up to an hour or a few. houn;) inlulauon 
exposures, as may occur from releases during 
remediation. The AlCs are based on noncancer 
endpoinl'i and are expressed as air concemratwns. 
AICs have been derived for a limited number of 

chemicals using EPA RfC methodology, modified 
as required for this acute exposure scenario. T:-~e 

modification consisl'i of using the NOAEL (or 
LOAEL) as reported in the study v.1thour 
adjustment tor exposure duration (hours/24 hours). 
Because these criteria are conceptually consistent 
with inhalation RfCs, they are a good baslS for 
assessing shan-term risks from single, very short 
exposures. The TSC should be contacted for 
additional AIC values. 

C.2.1.5 Minimal Risk Levels (MRLs) 

MRL.s are derived by the Agency for Tom 
Substances and Disease Registry (A TSDR) from 
human or animal studies for threshold effects on 
chemicals found at CERCLA hazardous wasLc 
s{tes. MRL.s are developed for both inhalation and 
oral exposures; oral MRLs are expressed as doses 
and inhalation MRI.....s are express(!{l Js 
concentrations in air. Estimates of exposure 
posing minimal risk to humans are made for the 
rnos t sensitive noncarcinogenic end point (me! ud m g 
developmental and reproductive endpotnts) for 
three different exposure durations (i.e., 3cu:e. 



Ir.iermediate. and :::hrontcL 7h~e exr1osu~e 

curaiiOns for wh1ch MR~ are denvec :.ne as 
foilov.-s: acute MRL- 1 to 1-' days; intermediate 
\fRL - 15 to 364 days; chrome MRL - .. :~365 
ua:v-s. MRLs are developed using an approach that 
is consistent with EPA RfD methodology (i.e .. 
Idenufication of a I'OAEL or LOA.EL and 
ap?iication of uncertamty factors to rel1ect human 
variability and. where appropriate. the uncertainty 
of extrapolating from laboratory animal data to 
humans). 

Acute inhalation MRLs differ from AlC in 
regard to adjustment for exposure duration. The 
guidance for derivation of acute mhalation MRLs 
specifies that "exposure periods of Jess than 2 .. 
hours in the taxiciry study from which the MRL is 
derived. can be adjusted 10 one day· r A TSDR 
1991 ); this adjustment is commonly earned out 
~o such adjustment is carried out in the derivation 
of AlCs. which are intended to serve as guidance 
ior acute. very short. and single exposures 1 e.g .. 
rangmg from less than an hour to a few hours. 
perhaps as inadvertent releases dunng 
rernedia tion ). 

MRLs can be found in the ATSDR 
Toxicological Profile documents in the Health 
Effects Summary section, on the Levels of 
Significant Exposure figure (graph). The bonom 
of the dotted line on the graph represents the 
MRL Except in the earliest ATSDR Toxicological 
Profiles. MRL values and the endpoints on which 
they are based are also identified in the text 
accompanying the figure. To date, approximately 
62 acute MRLs (38 oral. 24 inhalation) have been 
derived by A TSDR. As with other short-term 
roxiciry values. guidance regarding use of the \1RL 
must be sought from the TSC 

c..:.1.6 Emergency Exposure Guidance Level 
(EEGL), Short-term Public Emergency 
Guid.::mce Le~l (SPEGL). and 
Continuous Exposure Guidance Level 
(CEGL) 

EEGLs and CEGLs are exposure guidance 
levels developed by the National Research Council 
(NRC 1986) specifically for military personnel 
operating under emergency conditions. Therefore. 
setting of these levels involves consideration of 
various factors (such as age distribution, length of 
exposure. and susceptibiliry) that are different from 
those related to the general population. These 
gutaance level.s are published in the NRC ( 1984-
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: ':16Si .::n:c?e":C\ ,;.-;c c,,nnr.uo:IS .::.~:JCS:.J."c 

CL~lCr.nce i... t: •t:is _.or 5 r:icue:J. A ;r:JO'": ,. 

Contr.n:tnnr.ts. To date . .!~ che~mcals have :-c:e:-: 
e'.'aiuated l'\ \RC. 

The EEGL is defined as the air concentrauon 
of a suhstance that is acceptable for :~e 

performance of spectiic t:?.sks during r2.:-e 
emergencies usually lasting from l to 2 .. hours 
(I.e., it is a ceiixng gu1dance level fnr a single 
.emergency exposure) (;-.;Rc 1986). EEGL.s are 
intended to prevent Irreversible harm or senous 
impairment of ;udgment or performance 
E.xposure at ar. EEGL mtgnt produce re\'ersible 
effects. and thereiore should not be constdered 
hygienic or safe. Acute toxicity IS the pnma:._, 
basis for establishing an EEGL. However. e.,er. 
brief exposure ro some substances might have the 
potential ro increase the n.sk of c.:wcer or other 
delayed effeCts. Derivarwn of an EEGL mav 
involve appiicauon of an uncertainty factor or ter. 
to extrapolate from ammal d.a~ to humans. but :10 

other species adjustments are applied. Some 
EEGLs are based on extrapolation of oral data. 
EEGLs are based on the most sensitive or mosi 
important noncarcinogenic health effects known. 
Beciuse EEGLs are derived for healthy militar:· 
personnel during rare emergencies. and are no: 
intended to protect against reversible effectS. they 
should not be applied directly to the general 
population (KRC 1986). 

The SPEGL is defined as a sullable 
concentration for unpredicted. single, short-lerm 
emergency exposure of 1 to 24 hours of the general 
public. SPEGLs take into aa:ount the wide rJngt> 
of susceptibility of the general public. The S?EG. 
is generally estimated by applymg an uncenamlv 
factor oi two to ten to the EEGL to account ior 
sensitive groups - such as children. the eide~JI. 
and persons \\ith senous debilitating dtSeases. 
KRC (1986) suggests that a safery iacror oi two 
(i.e .• EEGL x 0.5) is appropriate to protec• more 
sensitive groups, such as children or the elderlv, 
and that a safery factor of ten (i.e .. EEG L x C.l i is 
appropriate for fetuses or newborns. Because the 
SPEGL is derived from the EEGL :!;e 
cOnsiderations discussed above with regard to tl;e 
EEGL also apply to SPEGL...s. 

The CEGL is defined as 2 L·e:i::Jg 
concentration of a chemical in air to whicn rr.:n:J.r'\ 
personnel can be exposed for :.:p to ~~.:, ~J.:-s 
without immediate or delaved adverse effects 0~ 
degradation of periormance. (NRC 19S6). CECiL 



are not denved for carcinogens. When data irom 
chronic studies are available. they C4n be used to 

derive CEGL.s. A CEGL is generally estJmated. 
however. by applying an uncertainty factor of 10 to 
100 t0 the EEGL (i.e .• EEGL x 0.01 to 0.1). 
depending on the evidence for detoxification or 
acrumulation of the substance in the body. Where 
there is evidence of substantial detoxification. a 
safety factor of ten is recommended by NRC 
(1986). If there is no evidence of detoxification or 
detoxification is slow, a safety factor of 100 might 
be more appropriate. If the substance accumulates 
in tissues. such as halogenated biphenyls and 
metals. even higher factors are recommended by 
r-;Rc (1986). Other considerations discussed v.ith 
regard to the EEGL also apply to CEGL.s derived 
from EEGL.s. 

C.2.1.7 Threshold Limit Values -- Short-tenn 
Exposure Umits (TLV-STELs), 
Threshold Umit Values -Time· 
weighted Averages (fLV-TWA), and 
Threshold Umit Values -Ceiling 
(TLV-C) 

TL Ys· aTe" ·concentrations developed by the 
American Conference of Governmental Industrial 
Hygienists (ACGIH) to protect workers from 
adverse effects of occupational exposure to 

airborne chemicals. However, because 
occupational exposure limits are not intended to 

protect sensitive workers or other populations. are 
not intended for the assessment of community air 
pollution or continuous exposure, may not 
incorporate the most recent toxicological data, may 
be based on unpublished documentation that is not 
available for review, and may differ from EPA 
derivations with respect to weight-of-evldence 
constderations and u.se of uncertainty factors, EPA 
does not endorse the general u.se of occupational 
exposure limitS in deriving EPA criteria. In 
addition, it should be noted that the 11.. Vs for a 
fair number of chemicals are derived by analogy to 
other chemicals because health effecrs data are 
inadequate or lacking.. 

The 1L V-STELs are 15-minute time-weighted 
average (TWA) exposures that should not be 
exceeded at any time during the eight-hour worlc 
day/40-hour work week and should not occur more 
than four times a day, with at least 60 minutes 
between successive exposures in the STEL range 
(ACGIH 1990). The TI..V-STEL is established to 
prevent workers from suffering irritation. chronic 
or irreversible ti.s.sue damage, or narcosis of 
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suiiiCJent degree to increase the likelihooa o: 
acctdental inJury. Lse of the TL \'-STEL shou1d be 
limned to very shan. smgle exposure e\er.:s. 
STEL.s are recommended for substance; wnh acute 
effects recognized from high short-term exposure.s 
m en her humans or animals (ACG !H ; 09(J'I 

Approximately 115 TL V-STELs have t:een 
published by ACG !H. 

The TI..V-TWA is the time-weighted average 
concentration for a normai eight-hour workday.40-
hour workweek to which nearly all workers may be 
exposed, day after day, ...,.ithout adverse effects. 
The TL Y-C is a concentration that should not be 
excu.ded during any pan of the worklng exposure. 
The ACG IH uses the TL V -C for substances that 
are particularly fast acting and hence are best 
controlled by a ceiling limit. In ex::ess of 500 
TL Y -T'W' As «nd fewer than 50 TL V -Cs have been 
published by ACG IH. 

C-2.1.8 Permissible Exposure Levels (PELsl and 
Recommended Exposure Limits (RELs) 

PELs are enforceable occupational exposure 
standards developed by the Occupationa-l Safety 
and Health Administration (OSHA). They are 
meant to protect workers against carasuophic 
effectS (such as cancer, cardiovascular. liver, and 
kidney damage; and lung diseases) as well as more 
subtle effects resulting in central nervoU5 system 
damage. narcosis, respiratory effects. and sensor. 
irritation.. The PELs are generally adopted from 
(existing) secondary guidance levels (e.g ... ACGlH\ 

TLY-TWA.s and TLV-STELs and the 
recommended exposure limits [RELs] developed by 
the National Institute for Occupational Safety and 
Health [NIOSH)), and nearly 400 are available 
from OSHA EPA's reservations concerning the 
use of TI.. Vs as the basis for criteria to protect the 
general population (see Section c.::.1.7) apply also 
to PELs and REL.s. 

c.2.1..9 Other Miscellaneous Methods 

The following are some other methcxts that 
ris1c assessors or RPMs may encounter. 

• · Immediately Dangerous to Ufe and He!!hh 
(IDLH) Guidelines. !DLH guidelmes are 
developed by NIOSH. These air concenuatlcr. 
limits are for 30-minute exposures under wha' 

are essentially emergency conditions. and 

generally far exceed corresponding TL V.'f\l.'A. 
TL V-STELs or PELs. IDLH guidelines v.ere 



Je:e~:::::-~ec! oniy for tne purpose of resp1~ator 
selecuor.. -:-hese _guiJetmes are intendec. tc be 
the rr.a."omum air concentrauon from which. 1n 
:he event oi respirator fa1lure. a worker coc:J 
escape within 30 minute5 V.1thout experiencing 
a:-~y es.:ape-impa1ring or irreversible health 
e:·iects 1 :'\IOSH 1985). :Vtany of the DLH 
expc5ure levels are so h1gh that they celme 
:e .. e:s a: which severe rox1c effectS 
1 unconsciousness .. incapacitation .. intolerable 
irn:auon or death) would be likely (Alexeef er 

r..l. 1989). Therefore. the IDLH !!Utdelines are 
not suitable a.s benchmark QU!delmes for acute 
exno5u!"e and mav t'le h1cher than would he 
usc:ul even as a !!U!de!me ior 1mmed1ate 

...:'Jmt.:l:::!i.i\t C·...:~t:. J\~f3£eG C·'-e:- a ~~~:: 

r:-.ett',od ~~ ~1scussec m SeC'dOI'\ C.~.::.: 

Se..,eral ;nvt::Sllf3tor5 have re~or:ec JJC;:IC!".:i. 

methods to c:.aractenze tr,e e!iectS !rom shcrt-:e~:.. 
exposure to carcn:ogeru. Some of these r..etnoc;; 
are currently bemg mvestigated by EPA t"lu: a:t 
::ot recommended for shor:-term wrCI:I\)':'er.:c 
Jssessmer.t' ac tnts :Jme. Howeve:-. b:-Je:· 
summaries of these methoa.s are provtdec relow 
v.nh documentation for the tnterestec.! reauer w 
pursue. 

C..Z . .Z. L RA.GS/HHEM Part A -'1ethod 

e\·acuar1on. RAGS/}1HEM Part A currentlv recommenes 

CERCLA Section 102fa) Reportable 
Qu:Jntities tRQs) .. RQs are developed by E?A 
based or •. amont: other factOrs .. acute !OXJClly. 

c~ron1c noncarcinogenic tOXICity.. and 
carcmogenicity. RQs define the quanuty in 
pounds above which a release is constdered 
pote:-ttially hazardous lor .. at least .. warrantS 
reporting) under CERCLA. St(:tion 102(a). 
The documentation for RQs may contam 
health efiects information that would be useful 
in determining criteria for short-term exposure 
but are not by themselves useful in 
cha:-acterizing risks from releases that might 
occur at a CERCLA site. 

C.::.: SPECIFIC CARCINOGE.l'\Tr JV5=: 
VALU.t...S HJR .:;~J:v.t<l-TER..\1 

E.X"'POSURES 

There is relatively little guidance available on 
characterizing risks from short-term exposure to 
w.rcinogens. for cancer endpoints, most of the 
ct.:rrentlv available values are specific to liieume 
exposure. Many experimental investigations of 
cucm:=~:;nicn~.- involve high-dose, long-duration 
exposure w compensate fur the small number of 
antmals that are used. Carcinogenicity aara on 
shon-te:-:: o~ single exp~surcs are VJJ1ually 
nonexistent for most chemicals. For most 
che:rncals .. the current scientific view is that any 
exposure .. nc matter how shan m duration, can 
result m a carcinogenic risk. Characterizing this 
mk is wmplicated .. however. because of facrors 
such as age at first exposure and mechanism of the 
c:-ncmogen's action. Consistent wlth 
r:\.A.GS:'HHE~ Part A and the Guidelines for 
Carcmogen Risk Assessment (EPA 1986a) .. the 
preferre~.1 arproach would be to consider 

that liietime average exposures always be used to 

esurr.ate wrclnogenJc nsks. That rs. bewuse the 
wncer tOXICity values (i.e., SFs) are base-d cr. 
l:1eume average exposures. Pan A recommena.s 
t!',at Jess-than-lifetime exposures be convened ro 
equtvalent lifetime values ior the assessment of 
risk.. (This is also the recommended approach m 
EPA's Guidelines for Carcinogenic Risk 
.-\.ssessment [EPA 1986].) In thts manner .. risks 
from short-term exposures.. would be averaged over 
a 70-year lifetime .. with modtficauons ior specific 
chemicals ii appropriate, and, therefore.. rna:• 
appear to be relatively mmor in comparison to 
nsk.s from longer-term exposures. \\."hile ad_Justtng 
less-than-lifetime exposure to an equ1valent 
lifetime exposure may be valid for relauvely long 
exposure durations .. this adJUStment for shon-rer!"T, 
exposures may underesumate the r:sk fc!" 
"early-s!age· carcwogens (i.e.... D~A-damag1:1g 

agents). 

C.1.1.1 Office of Research and Development 
(ORD) Interim Method for 
Vinyl Chloride 

EPA's ORD (EPA 1989a) used a scudy :;, 
Drew er al. (1983) to determine that tne lifetme 
carcmogemc risk from vtnyl chloode mhaiauon 
increases when exposure occurs early m life. Drew 

, er r.l. showed that the effectS from exposure to 
vinyl chloride depend on both age at ir.iu:~i 

exposure and durauon of exposure. His da:a 
showed that children face higher mks than adt.:lts 
ror exposures of a given duration. Cogltano stated 
that if n.sk for partial lifeume exposures :s 
estimated by ignonng tne age at initial exposure 
and considering only the: durauon .. the r:~r wll! be 
underestirr:.ated for children and overesu:-r.are:: io~ 
adults over 30. He proposed that risk for ra~;!al 
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liieume exposure to >mvl chlonde be: ( l) 

estimated as be1ng proportional to the rematmng 
lrfeume of the exposeD mdividual. and (2) adJUSted 
dependtng on the length of exposure. The author 
also stated that. at this ume. th1s analvtical 
techniaue is applicable onlv to vinvl chlonde and 
should not be applied to anv other substances. 
The TSC should be contacted for further I!Utdance 
on assessinl.' nsk.s from vinvl chloride. 

C.1.2.J EEG Ls for Carcinogens 

The t"RC (1986) has developed a method for 
deriving EEGL.s ( 1 to 24-hour exposure guidelines) 
for inhaled carcmogens when the computed cancer 
risk associated wnh the toxicity-based EEGL (see 
Section C.2.1.6) is more than one in lO.COJ. In 
these cases, the EEGL is lowered so that the risk 
is not more than one in lO.COJ (lxl0-1). The NRC 
method draws on the analysis of Crump and Howe 
(1984) and appears to employ a higher level of 
acceptable lifetime risk (i.e., lxl0-1) than the 
RAGS/HHEM Part A method. This method is 
discussed in further detail in Crirma and Methods 
for Preparing Emergency Gul£i.ana Le1•el (EEGL), 
Shorr-cam Public Emagency Guidanu Level 
(SPEGL), and Continuous Exposure Guidance Level 
(CEGL) Documents (NRC 1986). The 24-hour 
EEGL for a carcinogen is estimated as follows: 

EEGL = d X 25.60J X 

2.8 
R 

level of risk at d 
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where: 

d = ltfeume expcsure lnel ;.; 1 : 

2.5,6{X) = 

:.8 = 

concentrauon 1. :Js -:omputed l'\ ~ 

regulatory agency or by the :--., K.C 
Committee on Toxicology tr. 
accordance WJth procedures used bv 

regulawrv agenc1es 1multtStage mode! 1 

associated with "acceptable" level of 
cancer risk. e.g .. lxlU-<> level of mk. 

number of days m a lifeumc. (::2:: .6(!J 
days = iO yearn appllc.al!on of th1s 
duration factor assumes tr.at 
carc10ogenic effe::LS are a ltnear 
function of the total (cumulauvet 
dose. 

a factor to accour.c fer uncertainties 
regarding which stage of 
carcinogenestS is affected by rr.e 
substance and for the likely youth of 
military personneL the NRC (19861 
states that "the maxtmal additional 
risk that these considerations 
contribute IS .a facwr of 2.8: based on 
the "data of Crump and Howe 
(1984)," and 

R = target acceptable risk level {e.g., 
1x1-0~) for ~ne day of exposure. 

The reservations with this method concern the 
choice of a higher target nsk level (lxl0-4) tr. 
combination with other assumpuons of thJs 
method. and the origin of the above uncena1ntv 
factor of 2.8. The ongin of this uncertainty factor 
is not explained adequately by NRC ( 1986). nor tS 
it apparent in the cited paper (Howe ana Crurno 
1986). 
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APPEI\'DIX D 

RADIATION REI\1EDIATION TECHNOLOGIES 

This appendix presents two exhibits designed 
to assist the RPM vmh the process of using nslc 
iniormation to evaluate and select remediation 
technologies for sites contaminated \llith 
radiOactive substances. The first exhibit. Exhibit 
D-1. summarizes the potential routes by which 
radioactivity may be released to the air, ground 
water. surface "'"ater. or other media when remedial 
technologies are implemented. Similar to Exhibit 
A-~ in Appendix A Exhibit D-1 groups process 
\'Jr!a~:ons with similar potential release 
mechanisms under the technology categories. 
E.x.hib1t D-1 includes ground and surface water 
releases under the "water" column. and includes 
other unique release mechanisms under the "other" 
column. The reader is referred to EPA's repon, 
Assessment of Teduwlogiti for tlu Remediation of 
Radioactively Contaminated Supajun.d Sites 
(EP N540!2-90!001 ), for descriptions of each 
technology listed in Exhibits D-1 and D-2 

The second exhibit. Exhibit D-2. presents a 
qualitative estimate of the potential shan-term 
risks posed by each technology during its 
implementation phase. and its potential long-term 
risks anticipated after cleanup. Potential shan
term risks and potential long-term rislcs are 
classified as being low, moderate. or high. or some 
combination of these levels. This classificauon 
scheme is based on the potential for releases of 
radioactiviry arising from the use of these 
technologies to lead to potential shon- and long
term risks. Under this scheme, 1ow" means a low 
potential for releases of radioactivity assuming a 
reasonable worst-case scenario and therefore. a low 
potential for human health or environmental risk. 
"Moderate• means a moderate potential for release 
and risk. and "!Ugh" refers to a high potential for 
release and risk. 

-Si-

Although the detenninauons of low. mode:-ate. 
and high porenrial risks presented 1n bhlbll D-:: 
are based on the professional Judgment o:· 
experienced risk assessors. they are pr0\1deC on I~ 
:o the RPMs for making prelimmary technology 
screening decisions. The actual risks assoc1a tee 
w1th a remedial alternative at a soec1fic Sl!e r.-tus: 
be evaluated on a case-bv-case basiS. That 1s. 
technologies rated as high potential nsk should not 
necessarily be eliminated from cons1derauon. nJr 
shoHld tcchr.ologies rated as low potenuai mk be 
considered safe, .,..,thout evaluation oi sJte-specJ[Jc 
factors. 

The Agency recognizes that other 
determinations of degree of potential risks are 
possible and may be acceptable. (In fact. zf 
remediation technologies are properly designed 
and excuted, few, if any, of the potential rele3.Ses 
and risks may be expected.) Therefore. the RPM 
is encouraged to consider all qualified sources of 
technical information when selecting a radiation 
remedial technology based on site-specific 
conditions. 

Potential releases of mtxed radioacnve and 
nonradioactive hazardous substances are r.ot 
covered in this appendix due to the limited number 
of technologies currently available. and t:-te 
complexities involved in identifying release 
pathways and mechanisms. Because releases of 
mixed waste contaminants will warrant addiuonal 
risk evaluation and considerations. RP!>1.s should 
consult with a radiation protection speCJa!ist pnor 
to selecting a remedial design for these types o: 
sites. 
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EXIIIHIT D-1 

POTENTIAL ltELEASES OF nAIHOACTIVITY ASSOCIATED WJTII 
HADIATION HEMEDIATION TECIINOLOGIES 
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CnliSSiun~ or vnl:tlilc or in proccs.~ water radflli111CIIIIt:~ Ill Sllll 
r<ttlionuclilles tluring h;mdhng 
and lrcalmcnl • /\ITUII)tf)alion of diSSIIIVl'll Ill 

suspcntlcll rmlinnuclides 111 rnyclnl 
water/solvents 

--- ----
-~----
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EXIIIHIT D-1 (Cnntinned) 

POTENTIAL nELEASES OF UAOIOACfJVI'IY ASSOCIATEil WITII 
RAfJIATION UEMEDIATION TECHNOLOGIES 

Air Wnlt'r• Othn~ 

Soil WnshlnJ:, ExlrnC"IIon, & Dlor~m~dh•tlon (Contlnut-d) 

Chcmicnl f:.xrrnrtion • PotenliRI emis.~inns of volnrile • Spills, lenching, and/or runoff of • Spill.~ or Jcak;~ge of cxrran wrlh 
chemicals nml radlonct ive residunl rndionuclitlcs m proccs~ high cunccnt rati1 111s of rad11 I<KtfVc 
particulalcs llnd volatiles during wnler tll11tan11nants anJ snlvnus lrom 
handling And rrcnrmcnr sloragc tanks 

• Accumulntion of diS!Iolvcd or 
suspended rmlionuclides in rccyrlcd 
water/solvents 

llulrcmc!liul ion • 1\rcnf or fugir ivc cmi ... ~ion.~ of • l>ischnrgc of proccs.~ water • l-itcm:11 ra•h<llion exposure IClllll 

mdioactivc p<1rticula1c~ nml Cllnlninmg reSitluaJ Iilli II ~ICIIVIIY hlllOlilss containill!; rc~ulu;tl 
vofatif~~ gamma -c mit 1 in!: r<HI11 1111 "'" lc~ . • ln:ulvcrtrnl spills 11r 1<::11 h1n:; 111 . 

• l'xh;lll\1 \l:td cmissu u1s 111 r;Hiu lllllthdcs 
indncnuctl hit lSorhanls 
ct tllllllllill)j rc~nluul ratli1 ~K11vi1 y 

lmmohililal I on 
- --

( '11pping • Coni inucd c mi.'L~inn~ nf some • l.cachmg and hmlt.tllllill nugr;sl ion 111 • l'arti;sl rcduciHIIl ol nlcr11;<1 
Vlllillllc rallionuchdcs <~Iter ratlionuclidcs 10 grouml wa1cr wtlh fillil<llll lll CX(Kl\UCC 

cnrplll)j rnin W.llcr inllllr,lflllll 

------~-------

(Cunl inued) 



EXIIIIIIT 1>-1 (ConlitliH'd) 

POTENTL\1. H!o:l.h\SFS ()Jo" HAJ)I<)M:TIVIT\' ASS<H~IATIO:I) \\'ITII 
HA DIATION H EMEIHATION TECIINOI.OC I ES 

TrrhnolnJ:Irs' 

ln-siru Vitnficarinn 

Air 

• Vnlallh7.alinn of certain 
r;ulionudidcs during trCillfll<:fll 

• Critcks m li~surcs in v11r1ficd 
mns.s may net ~~~ cnndnil\ rm the 
relc01se of vul<ll ik radionuclidcs 

\'Ynlrr• 

• l'tl~ihlc le<tching ;~nd 1111g1 all! Ill ol 
radionudi<lcs ro ground water due to 
~oil matrix dcsl;thllintiHlll 

Otlru' 

• F.xh.:rnOJI rath;tllllll np<l\llrc 111 
radium corllamrnarcd ~rill~ dn«" 111 

lhc llurldup of radnn decay 
prndurls 

--------------------•---------------------------•-------------------------------L--------------------------
c;HOIINII WATE!l ANU SIJitFACE WATI.:It TFCIINOI.OC:IES 

--------·--------------r----------------------------.--------------------------------~---------------------------
tlotlllfill t\IICilli:IIHlll 

(N«lll-lrc;lllllCill t\Cii<H1) 

• l'ntcnri;rl huildup of voL11ilc 
radionurl1dc~ (eg, rmlnn) in 
grm1111l·wal~r and ll1t1111C1pal 
water dl\rrihol inn \)'",ll'lll\ 

------------~-----1-------------------------

( i r<llll!lilr 1\CIIVOI( Cd 

C:~rl"lllll ,\tbl!ptinn 

• Fugllive Cflli\sirm~ ul l'lllitrilc 
radi1 lnurlidcs 

• l'otcrllr:rl srad; cmi.~~iom of 
vrll:tlllr r:~dl«lllllthdc~ ''I'"" 
~;llllf<lllllll nr IH<':Iklhrnugh 

----- ------------ - ---·- _____________ _..c.__ 

• l'nlr·nll;>l ftH rill g«.\\111g of 
\'t>l.rllit' r;llti!J.H.IIVC rft-1 il)' 

JIIPdurl' lr11111 p:trclll nutJid,·, 
llll fl"\111 11111111111\ 

• Continued rran~port ol r<nhr li111L'IIdo 

111 1 he lHJillfcr Jtlld pr 1\\thlc dtsrh;u gr: 
111 ~urlacc water 

• 1>1schaq;c of clllucnt warn c•llll:llrl111:; 

di\.\lllvcll I illhO<ICIIVC ~nh!IS 

• l'olrnri:tl drpll\1111111 ''' r;~rhr>:rtllw 
~rdllllCIII' 111 ~11rtacc w:~rer ""'"' 
l:~r~c <Ilea-; ( '"<~· nvcr h:l\111\) 

o J'niCIIII:tl karhin:; Ill I ;tdltll1lll lldt'\ 
holll l11it:r cakes Ill slud:;c 

• 1;\ll'f!l;tl l:llli;llillll l'~lli"IIIC 1111111 
r<llhO.lCIIVC l'OikCS C If slnd;~r.: ________________________ , _______________ ...c_ __ --------

• Discharge of lrC<IIctl warn nu11a111111!: 
rcsidu:rl r<ICIIoaciiVC rolll;lll111J:II ir 111 

• l'o~\lllk rdcasc 111 r:nll• llllll"lldt.:\ d11c 

lrl h<trkllu~hing antl/nr rcgrnt·r:rllllll 

• IJ1schargc of treated ll'al!'l r tllll<llrllll:; 
rcsirht:tl r:rdin;rcllvc llllii:IIIIIJLJIIt•ll 

• l'r t\\lhlt: release ol r;ullt lllll.-lttl•·, dtlt' 
111 haddlushmg or rcgnwrolll<lll 

( ( ·r ttlllllllt'd) 

• l'olr.:llfl<tl ('~lcrll:tl r:rlll:tllnll 

npo~ure 1h1e tn the ~nr p11• 111 :tlltl 

buildup nf g:1111111:1 Cllltlllllg 

r;ulir Hllrr-h< lcs 

• l'llll"llll:ll l'\IL'rll:tl r.Hit:illtlll 

l"\(H"""' lluc 111 IIJt· l1111ltl"l' 111 
g:1111111:t t'llllll1t1!; r:rdrtlll\11 Jrdr·, 



"' -0 

NOTES 

EXIIIIHT D-1 {Continued) 

POTENTIAL HELEASES OF ltAOIOACfiVITY ASSOCIATEI> WITII 
HAOIATION REMEIHATION TECHNOLOGIES 

• Source lor rndiutinn remediulion tcchnnlogic.:s: llS Fnv~ronmcnwll'rotc.:ctitlll Agency (U'A) I'J')(l /lllnmr('nl o[ 'J(·cllllofogics fo,. tire Umr.:rfiruru11 of 
/lntfionc/il'tly Contmninntttl Superfund Sitt'J. El' A/540/1-~l/00 I. 

·· In general, scep;rse und lcm:hing /lfc more likdy 1t1 allecl ground water, hul could nlso lend to ~urfacc water coruamttt<llion. Hunoff and thsrhmgc <ttc 
release~ thttl will most likely conlllrninnrc surface Willer, bur mny nlso lend 10 ground-water contnminallnrt. 

b Other releases include lrcatmem residuals requiring further remediation and/or spccral harHIIin~: ;uHI drspusal consitterallons. Fxternal radr;IIHlll npmr11c 
due 111 the presence of gnmma-cmrlling rndionuclitles in trentrnent re~itlues should nl~> he considered a~ a potential human health exposure pathway. even 
though thi\ pnthwny does not Involve the ph~ienl relcnc;c or rmtionucti<les Into the environment. ·rne risk as.~s.sor should aim mmitler other mnullllll 

technologies used to remetliate ground wnrer nnd surface water conwminatetl with radio:tclive sul~tam;es, such us aerntinn, evaporntion, <ll\tillatinn iiiHI 

solvent extrntion, not included in Exhibus D- I or 0-2. 
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EXHIBIT B-2 

I>EGHEE OF POTENTIAL SIIOnT- ANI> LONC-TEIU\1 HISI\S ASSOCIATED WITII 
HA IHATION nEM FIHATION TECIINOI ,0(; I ES 

l'oltnlfnf rnr I l'nltnlfal rnr 

Ttdllltolol!it-'> 
. 

Slmrl-ln111 llhk' l.ou~:-r .. rm lli'"-' --
SOli. ANU SI.IIIH;r~ TECIINOUH;ll·:s ----
N;oturnl /\llt'nuation ll•gh lligh • 
( t~ 1 111-t rc :otlllCill 

t\cllll/1) 

• 

-
Soil llnmllin1: 

Soil Fxc;t\';tii<Hl, Modcrall:/1 IJ~h Nnnc/l.tlw • 
Trilnsport, illltl Ollsnc 

Dt~po\al 

• . . 

Soli Wn~hlnj!, Extr:u·tlun, & II lurt" lllt"<llnrlon 
.. 

Stlll W;,~hln~ with t>.lt 11.kr :til: IIIW • 
Witlcr 

• 

-

< 'llc llltr:~l I '~I r:t!l it 111 Mt Kfrratc/1 l1gh I.IIIV/t>-1tKil"!iiiC • 

• 

·- -- --

I ·ullllllt'IIIS 

--
_I 

----- -~~----

Tile No Action altcrnativo: Will 1101 illt'l'l Jhc two NCI' rhrnhohl Clllcri" (I) 

proll'l'lllln lll hlllllil/1 ht:<lilh ;1/ltl t:/lV/fll/1/llCill, il/ltl (2) l"ll11lflhi11HC Wilh /\lt/\1(•, 

M1~r all< 111 and n:k:l'e ol r :tdtt•:tl"ltvc ullll<ltlllll<ltll\ wtlllld ltc L'~f"'' I I'll '" 't "'''" 1/C 

unlc"' abated nr 111iflg;ll('(f 

-----· ~-- ·-- ---

---

During c~c;tvarinn, the potrllllitl lm ,IJort term r;ult:tlttlll "'!.;' 111 tt'llh·do;il '"'d. \ 1\ 

onsitc am.l Ill the general puhltc ulh1te llliiY he 11Hlt.krillt 111 ht!:h 

Once the sourn: or snurrcs of radu1:1111vily hi!\ 111 h;ovc illTil rt'llliiVt"d, Jln: 

fllliCilllill for illll_!;·tt.:flll risk\ shollltl he lllllllllliil or 1\IIII·OISil"lll, dt'jlC!Hltll{: till I 
lt:vd ni' residual ratlllliltliv1ty n·m;uning omllc 

---------- ---

.. -- ------
Dur1ng cn·;~v;tJillll and ~tlll w;"lung, rhc p111Cilll:tl f11r \lltlll lt'rlll r;ttlt;olltHl 11-.k·, 

rcmedr:tl workl:rs 1111\lfc :1nd 111 the gcnnal pulllit' olh!lc: '"")'he IIHHin:Jit: 

lkpcnt11n;; 1111 lilt: lnt.:lul 11"-'Hlu;ol l:ttlillilti/Vtl)' It: Ill i 111111\ ~;, I ill· jl<llt'llli.ll '"' ''"' rnm ri\k\ 111:1y he low 111 llHHln;llc 
.. -------~-· -~ 

f)ur mg nrav;IJ itlll and riH'Illll';tl nr r:tct '""· rlw JllliL"Illlill l11r \hllrl 
1!'1111 '""'""" 

fi\ks Iii Wllfkcr~ OIISJIC ami Ill tin: ~l"llt:r:tl puillit: Oll\11!: 111:1y flc llHHkrillt: Ill ilq 

'lilt: l'lllll'llll:ollor llln):·l<'ttll "'"' tlt·pcntl "1~"1 JIH· tlinnlt-.tl :otHI '·"''"'"':" ,ol 
char;lrteri\IIC~ of the fre:uctl \Oil ret)'rled h:tl'k 111111 n;<Jtve ·'"'' -

'" 

.. 
" 

----------------- ---- --- -------

(C:otlllnucd) 
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EXHIBIT D-2 (Continued) 

DEGREE OF POTENTIAL SIIOHT- AND LONG-TEUI\1 HISKS ASSOCIATED WITII 
RADIATION HEMEIHATION TECHNOLOGIES 

I 
l'ofrnllnl ror l'nfrnflnl ror 
Shorf-fnm IAmJ:-h·rm L'tti11UU'UI'o 

Hisle._,. tU-.k" 

-" 

Sull \'Vn~hlnj!, F.~tn•rtlun, & lllun-nn·•llntlun {('untlnm·cl) 

lliorc mcdJJJI inn ~1ndcrutc M1xh:rnte • AcddcJllotl ~pillotgc of radioactJvlly frllnl lllntrcatmem solutum~. oll-~as.~Jilf:: ol vol;llile 
rmfionuclitle~. nnd elev<ltcd external r;uhntion cx1xxc;ures may contnhute to the potcniJal lm 
modernte shor t-lerm mdi;uum risks 

• I "ong-term risks depend upon the chcnllcal ami radiolog1cotl charnctcri~tics nl rile trr;ucd 
r-oil recycled bnck lnro nnrivc sotl In general, lhcse risks shoultl 1x low to moderotre 

lmnlflhilltntlon 

Clipping Low/Mndernte Moderatc/lligh • Short-term rntliillion risks to workers anti n!!site popul;llions should he low to nJtlllcratt, . provided thai the source or sources of rt~dioactivlly me nol cxcav;11cd be£mc cappin!\ 
' 

• Since the sources or radioactivity Will he tell in pi;Jce, long"tcrm risks to IHJlll:Jll hc;Jiih and 
lhe environmc:nl m11y 1x modeuuc: to high depending on the ex1cnt to wh1ch the cnp i~ 
capable: or preventing the migrntinn of ra!lionuchtles in the future 

In-situ Modernle/lligh Moderate • lnitinlly, holh rntlintion nml phy~irill ha1ards contribute to thr motlcr;ttc to l11gtl ptlll'IIIJ;il 
V11 ri/icnt ion for shon-urm radiation ri.~ks posed hy the use or this tcchnolob'Y· primanly to OJl~llc 

wor kc:rs 

• S1nc~ lhe ~lahilily nmllong-tcrm Hllq;rlly nl VIIJiflt'll soJI~ cnnl;nning radJoartJvc mall'II.Jh 
rcmalll unverified in the licit! at 1he prtsent tunc, 11nd ~incc the huildup of r;ltl"'' decay 
prollucl~ in vilrified soils may inrrea\C external npmurc rall:s With time, po1cn11;d ion~; 
1cr111 r;1ciJaiHHl rhk"~ to lhe general public may 11~ mollcriltc to l11gh 

----------- . ----- -- -

( Continuctl) 



T~dmolu~:its 

EXIIIBIT H-2 (Cunrinue<l) 

HEGnEE OF POTENTIAL SIIOHT- ANB LON<;-TEUI\1 IUSI\S ASSOCIATED \\'ITII 
HAI>IATION HEMEDIATION TECHNOLOGIES 

I 
--

l'oltnllnl rnr l'olfulial for 

Stwrl-ltrm l.flfll!·lrrm ( 'umtlll·lll~ 
Uisks llbk-; 

-

•·· 

(;HOUNII \VATEH i\NU SIIICFACE WATI.:U ·1 FI"JINt'lUH;tES 
.. 

Natur;tl lllgh lltgh • ·n,c No Au ion rtlternallvc will 11111 llll'CI I he 1w11 N< ·p thrc~hold criteria: ( I) pro11:ct11 Ill t •I 
AttCIIllillll Ill hum;-an hcrtlt h and cnvirunmcnl, allll ( 2) compliance Wllh AHA H s 

( Nnn-trcatment 

Actintl) • Jh:lcilSCS of fildiOilCIIVC ("tllllilllllll;llliS (!1 [:llllll)d Willer ;tl)d surf;trc Willl"r Wllltld !Je 
e~pccted lo continue unless a hated or 0111 igillnl 

~-,~~~-

hllr<~llllll I ow/Moderate I ()W • The potential rnr shorl-tcrm r;uliallon fl~ks ltl worker~ and till: ptohltc Will tl<.:pcntltlll it 

numhc:r or (actors, inclttdmg: (I) the rtiiHTlllriiiiiHIS ol r;ult• ••H•cllllc\ 111 lilt: grt 11111d , '' 

~~~•face wurcrs; (2) lhe crticicnnt·~ 111 lrltrallnn systnns; (1)lht· hrcilklhttHt:~h 111111'. ilntl. 
(4) the dwngc-oul or rcgt:ncrallon I)Tic t1111c In grnn:d, tlll'\t: polcntiill rt\~\ ;uc 

. expected to tx: low to lllllllcr;llc 

• 'll1c [lltletllial for lon,;-tcrlll "'b wtll "'"'depend 1111 1hc t;•ci<H~ lt~tcd ;,(l .. v,·. ''"' "'" 
dep(.:nd primarily on the nmcentralltlll of ratiHHHH.tHks 111 gro11nd Willl'f <H S<•ti.H·c w;•ll"• 

ft:lll:lllllllg IO he trt:lliCd (IC, l'IIIICCIIIraiHIII\ (and 11\b) llli>Y l1c expected Ill l;ttltlll wllh 
I rcatmcnt) l'otcnlinl rr~k~ ttl 1he g•·nn:tl puhltc may 1~~: cxpcrlcd ttl tx: 1t1w "I Ill' h;ll)tlllll~' .. 
:IIIli !lt\[lllS;tl of filter lll<IICri:tl~ 0111d \hHI~I'S rtllllililllllg filtllllllttflidt·s lllilY ['ll',t' ri~~\ ltl 
wmkrr~ if f;Jdtll:tCI ivity l't IIICCIII f<ll II Ill\ C\l'Cl'd [l'l k r;tl t If \I ittC \I anti; 11 tl\ 

-~--- - -- --------------- ~ 

(Contrrurctl) 
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EXHIBIT D-2 (Continued) 

DEGIUm OF POTENTIAL SIIOitT- AND LONG-TEHI\1 HISI<S ASSOCIATED \VITII 
HAIHATION UEMEOIATION TECIINOLOGIFS 

rutenllnl for rotrnllnl ror 

Short-tum Lnn&:·ft-tm ( ·mnm~nls 
Rbb ltlsk! 

(;t(()\INI) WATER ANn Slllfi-"ACE WAT .. :J~ TE<:IINOJ.OWES 

( ir;111ular I ow/Mt Kkr:rrc I ow • "I he huiltlup ol rmhm and radon progeny 1111 ;Krrv;uctl charcoal may incrt:a\c lll>lh 
Allivarctl < ';trhon polenrial short· lind h>ng-tcrm n~k~ ol c~1crnal ratlt;llll>n cxpo~urn 111 wurkcrs 
!lthllfjlllllll Hcgcncriltion of ( iAC m:~y rclca~e r;tdil>mtchdr·~ rh:~t arl· nol well ~orl~<:d I>" I" )\ill Ill 

spcn1 CiA<: Ctllll:rming ckv;tlctl rt>lll'clllfillltllh "' kild-211/ (and chcmicrl ,.,,lllilllllll;rnh/ 
mar ("H ~~c handling pmhlcms lhnldup of r;ultm 0111ll urhcr r;lthtlllurhde.\ 1111 ( it\C ah11 
depend~ on: (I) the nmn·ntr;tlitlll\ nl r;tttronnchdc~ 111 lhc g~tH>lltl or ~tnbn: "'·'"'"; (1) 

wllet:tiun cllrcicncic~; (:\)<lAC: hrcaklhrough 11me, ;111d; (.J) rile cll;rngc-oul or 
regcnerlllion cy<:le time 

l1111 Exchange Low/M<xlcrnre luw • Similar to the pnrenti01l ri~k~ (XlSetl hy the rre;umenr of rad1onuclldu in ground w;lll'r and 
surface w;rler using lillrnlinn or Cill bon absorption technique~. the potentlirl fnr Shorr. and 

I 

long-term ri~k~ poS~:d hy the collcclion nf ratiHliiiH:Ii<les on ion c~rhange rcsrm depend\ 
prrmarily on the rlldionuclide-spccrflc collection elfrciency ;uHI water uJill'Cillritlrons In 
gcncrnl, rheS(: potential ri~k~ m;ry be low 10 moderate 

• Source for radial ion rcmcdratron ICchnologics: ll S. l:nvlr!llllllclltlll l'rolcction Agency (EPA). I•J'){I A11eHmmt of 'Jcd~rrolo!;lt"l for tl~e /\mr,·.lu/lul/1 oj 
Ut~t!iollctit·rly Cnnt111ninnttrl S~tptrfirntl Sitn Olfrce of Solid Wn~tc 1111d Emergency Resrxlll~. 1-:1' N.~·Wf2 -'.10/00 I. 


